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Sir: 

I, JOSEPH O. FALKINHAM, III, Ph.D., do declare as follows: 

1 . I am currently Professor of Microbiology, Department of Biological Sciences, 
Virginia Polytechnic Institute and State University, Blacksburg, Virginia. I am a co-inventor 
of the above-identified patent application, No. 10/776,767 (the "'767 application"), which has 
been assigned to Virginia Tech Intellectual Properties, Inc. It is my understanding that 
intellectual property made by employees of Virginia Polytechnic Institute and State 
University is generally assigned to Virginia Tech Intellectual Properties, Inc. 

2. Further, during the four years that I served in the U.S. Air Force Biomedical 
Sciences Corps, I performed in vitro antibiotic susceptibility measurements to guide the 
choice of antibiotics and dosage by physicians treating patients. My education and 
experience are summarized on my Curriculum Vitae, which is attached hereto as Exhibit 1 . 

3. It is my understanding that there is an outstanding Office Action, mailed 
February 5, 2007, in the '767 application. I have reviewed the Office Action and have been 
asked to evaluate first whether a person skilled in the art at the time the '767 application was 
first filed (i.e., April 23, 1997), based on the teaching of the specification of the '767 
application coupled with knowledge common in the art at the time the '767 application was 
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first filed, would have concluded that the inventors had possession of an effective dose of an 
antimicrobial preparation comprising a substantially pure culture or suspension of 
Burkholderia casidae or variant thereof, a cell-free filtrate or cell fraction prepared from a 
substantially pure culture or suspension of Burkholderia casidae or variant thereof, or a cell- 
free filtrate or cell fraction prepared from an inactivated substantially pure culture or 
suspension of Burkholderia casidae or variant thereof, for treating or inhibiting in an animal 
a disease caused by a microorganism (see 1fl[4-7 below). I also have been asked to evaluate 
whether a person skilled in the art at the time the '767 application was first filed, based on the 
teaching of the specification of the '767 application coupled with knowledge common in the 
art at the time the '767 application was first filed, and using only routine experimentation, 
would have been able to determine an effective dose of an antimicrobial preparation 
comprising a substantially pure culture or suspension of an appropriate Burkholderia casidae 
or variant thereof, a cell-free filtrate or cell fraction prepared from a substantially pure culture 
or suspension of Burkholderia casidae or variant thereof, or a cell-free filtrate or cell fraction 
prepared from an inactivated substantially pure culture or suspension of Burkholderia casidae 
or variant thereof, for treating or inhibiting in an animal a disease caused by a microorganism 
(see 1fl[8-15 below). Third, I have been asked to evaluate whether a person skilled in the art at 
the time the '767 application was first filed would have recognized that certain 
microorganisms that could be isolated from soil are also found in the normal flora of animals 
or humans (see UU16-17 below). 

4. The specification of the '767 application as filed describes the term "effective 
dose" and methods for assessing such dose useful for treating or inhibiting in an animal a 
disease caused by a microorganism (see, e.g., paragraph bridging pages 30 and 31). For 
example, the specification describes a disc diffusion test useful for measuring the inhibitory 
activity of Burkholderia casidae strain 2.2N culture, fraction and/or cells on various animal 
pathogens, such as Candida albicans, Cryptococcus neoformans, Aspergillus niger, 
Staphylococcus aureus, and Mycobacterium smegmatis, in which the level of inhibition was 
assessed by measuring the diameter of the zones of inhibition of the pathogen growth 
surrounding the spots of Burkholderia casidae strain 2.2N culture, fraction and/or cells (see, 
e.g., Section 6.2.4 on page 53; Tables 8 and 9 at page 54; Table 10 at page 55; Table 17 at 
page 65; Tables 19 and 20 at page 66; and Table 21 at page 68). 
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5. The disc diffusion test described and utilized in the '767 application is the 
most widely used in vitro susceptibility testing method for the selection and dosing of an 
antimicrobial agent, and has been accepted by the Food and Drug Administration (FDA) and 
as a standard by the National Committee on Clinical Laboratory Standards (NCCLS). See, 
e.g., Sherris, J. C. & Washington, II, J.A., "Section V. Laboratory Tests in Chemotherapy, 
Chapter 41, General Considerations," in Manual of Clinical Microbiology (3d ed. 1980), 
American Society for Microbiology, Washington, D.C., E. H. Lennette, A. Balows, W. J. 
Hausler, Jr., and J. P. Truant eds., page 447, col. 1, Tj2 (hereinafter "Sherris," a copy of which 
is attached as Exhibit 2); and W. Robert Bailey & Elvyn G. Scott, Diagnostic Microbiology 
(4th ed. 1974), C. V. Mosby Company, St. Louis, MO, Chapter 34, "Determination of 
susceptibility of bacteria to antimicrobial agents," page 318, col. 2, ^[2 (hereinafter "Bailey," a 
copy of which is attached as Exhibit 3). It would have been clear to a person skilled in the art 
at the time the '767 application was first filed that standard tests such as the disc diffusion 
tests described in the specification of the '767 application could be used to routinely calculate 
the dose of Burkholderia casidae (or variant thereof), suspension, cell-free filtrate, and/or cell 
fraction that would be effective (i.e., "effective dose") to treat or inhibit in an animal a 
disease caused by a microorganism. For example, based on the diameter of the zones of 
inhibition, such person could routinely calculate the lowest concentration of Burkholderia 
casidae strain 2.2N culture, fraction and/or cells necessary to either inhibit (that is, minimal 
inhibitory concentration, MIC) or kill (that is, minimal bactericidal concentration, MBC) the 
pathogen, and therefore, determine the effective dose of Burkholderia casidae strain 2.2N 
culture, fraction and/or cells useful for treating or inhibiting in an animal a disease caused by 
the pathogen. See Bailey, sections entitled "Reading of results" and "Interpretation of zone 
sizes" on pages 321-324. 

6. It would have also been clear to a person skilled in the art at the time the '767 

application was first filed that Candida albicans, Cryptococcus neoformans, Aspergillus 

niger, Staphylococcus aureus, and Mycobacterium smegmatis were known to cause disease in 

animals (see, e.g., Schmid et al, "Evidence for nosocomial transmission of Candida albicans 

obtained by Ca3 fingerprinting," J Clin Microbiol. 1995 May;33(5): 1223-30, page 1223, col. 

1, T|l; Sullivan et ah, "Persistence, replacement, and microevolution of Cryptococcus 

neoformans strains in recurrent meningitis in AIDS patients," J Clin Microbiol. 1996 

Jul;34(7): 1739-44, page 1739, col. 1, \\\ Luce etal, "Invasive aspergillosis presenting as 

pericarditis and cardiac tamponade," Chest. 1979 Dec;76(6):703-5, page 703, col. 2, \2\ 
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Blouse et ah, "Colonization and infection of newborn infants caused by bacteriophage-group 
II Staphylococcus aureus strains," J Clin Microbiol. 1979 Oct;10(4):604-6, page 604, col. 1, 
T[l ; and Newton et al, "Soft-tissue infection due to Mycobacterium smegmatis: report of two 
cases," Clin Infect Dis. 1993 Apr;16(4):531-3, page 531, col. 1,1(1, copies of which are 
attached as Exhibits 4-8, respectively). In addition, it would have been clear to a person 
skilled in the art at the time the '767 application was first filed that certain other members of 
Candida (e.g., Candida glabrata), Cryptococcus {e.g., Cryptococcus laurentii), Aspergillus 
{e.g., Aspergillus fumigatus and Aspergillus flavus), Staphylococcus {e.g., Staphylococcus 
lugdunensis, Staphylococcus intermedius and Staphylococcus saprophytics), and 
Mycobacterium {e.g., Mycobacterium tuberculosis) are animal pathogens, based on case 
studies and models available to a person skilled in the art at the time the '767 application was 
first filed. 

7. Therefore, in my judgment and opinion, a person skilled in the art at the time 
the '767 application was first filed, based on the teaching of the specification of the '767 
application coupled with knowledge common in the art at the time the '767 application was 
first filed, would have concluded that the inventors had possession of an effective dose of an 
antimicrobial preparation comprising a substantially pure culture or suspension of 
Burkholderia casidae or variant thereof, a cell-free filtrate or cell fraction prepared from a 
substantially pure culture or suspension of Burkholderia casidae or variant thereof, or a cell- 
free filtrate or cell fraction prepared from an inactivated substantially pure culture or 
suspension of Burkholderia casidae or variant thereof, for treating or inhibiting in an animal 
a disease caused by a microorganism. 

8. As explained in Paragraphs 9-11 below, a person skilled in the art at the time 
the '767 application was first filed, based on the teaching of the specification of the '767 
application coupled with knowledge common in the art at the time the '767 application was 
first filed, and using only routine experimentation, would have been able to identify a non- 
pathogenic Burkholderia casidae or variant thereof useful for treating or inhibiting in an 
animal a disease caused by a microorganism. 

9. First, the specification of the '767 application as filed describes several 
methods for isolating and identifying a Burkholderia casidae or variant thereof, including 
strain 2.2 N, useful to treat or inhibit in an animal a disease caused by a microorganism (see, 
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e.g., Section 6.1 on pages 32-49). As part of such isolation and identification, it is possible 
that the skilled artisan would desire to test for possible pathogenicity of the isolated 
Burkholderia casidae or variant. At the time the '767 application was first filed, the skilled 
artisan would have been able to routinely conduct such testing. For example, by the time the 
'767 application was first filed, one of skill in the art would have been aware that pathogenic 
strains of the Burkholderia genus exhibit a number of virulence genes, where presence or 
absence in the identified strain could routinely be assess, which would, thereby, assess the 
likely pathogenicity of the identified strain. 

10. The Burkholderia casidae strain 2.2N described in the specification of the 
'767 application does not display any of the aforementioned virulence genes and is not 
pathogenic. Moreover, at the time the '767 application was first filed, and even today, no 
pathogenic Burkholderia casidae strain has been identified. 

1 1 . With respect to testing for such pathogenicity, it would have been clear to a 
person skilled in the art at the time the '767 application was first filed that the pathogenicity 
(if any) of a particular Burkholderia casidae isolate could be assessed by routinely testing for 
particular virulence genes. For example, at the time the '767 application was first filed, it 
was known that Burkholderia cepacia, which has also been known as Pseudomonas cepacia, 
expresses virulence factors such as protease, lecithinase, gelatinase, lipase, and hemolysin. 
See, e.g., Nakazawa et aL, "Characterization of hemolysin in extracellular products of 
Pseudomonas cepacia," J Clin Microbiol. 1987 Feb;25(2):195-8, page 197, col. 1, fl4-5; and 
Nelson et aL, "Virulence factors of Burkholderia cepacia," FEMS Immunol Med Microbiol. 
1994 Feb;8(2):89-97, page 89, col. 1, Jl, lines 1-3, and page 92, col. 1, 1(2, lines 1-5, copies 
of which are attached as Exhibits 9 and 10, respectively. At the time the '767 application was 
first filed, it was also known that Burkholderia cepacia isolates which are pathogenic in 
patients with cystic fibrosis display a unique set of genetic traits {e.g., cblA cable pilus 
subunit gene, enzyme electrophoretic type 12 (ET12) genotype, IS402-IS1356 hybrid 
element, mesh (Msh) pili, and Burkholderia cepacia epidemic strain (BCESM) marker) that 
distinguished them from other Burkholderia casidae isolates which are recovered from 
nosocomial and environmental sources. See, e.g., Sun et aL, "The emergence of a highly 
transmissible lineage of cbf of Pseudomonas {Burkholderia) cepacia causing CF centre 
epidemics in North America and Britain," Nat Med. 1995 July;7(l):661-6, page 664, col. 1, 
1[2, lines 18-24; Tyler et aL, "Identification of IS/356, a new insertion sequence, and its 
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association with IS402 in epidemic strains of Burkholderia cepacia infecting cystic fibrosis 
patients," J Clin Microbiol. 1996 Jul;34(7): 1610-6, page 1614, col. 1, Jl, lines 4-8; and 
Mahenthiralingam et al, "Identification and characterization of a novel DNA marker 
associated with epidemic Burkholderia cepacia strains recovered from patients with cystic 
fibrosis," J Clin Microbiol. 1997 Apr;35(4):808-16, J Bacteriol. 1995 Feb; 177(4): 1039-52, 
page 815, col. 2, ^|2, last sentence, copies of which are attached as Exhibits 11-13, 
respectively). 

12. As explained in Paragraphs 13-15 below, a person skilled in the art at the time 
the '767 application was first filed, based on the teaching of the specification of the '767 
application coupled with knowledge common in the art at the time the '767 application was 
first filed, and using only routine experimentation, would have been able to determine an 
effective dose of an antimicrobial preparation comprising Burkholderia casidae (or variant 
thereof), suspension, cell-free filtrate, and/or cell fraction for treating or inhibiting in an 
animal a disease caused by a microorganism. 

13. As discussed above in Paragraph 4, the specification of the '767 describes the 
use of a disc diffusion test to measure the effective dose of Burkholderia casidae strain 2.2N 
culture, fraction and/or cells on various animal pathogens. As discussed above in Paragraph 
5, a person skilled in the art, based on the knowledge common in the art at the time the '767 
application was first filed, could use the diameter of the zone of inhibition obtained from the 
disc diffusion test described in the specification of the '767 application to routinely calculate 
the minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of 
the antimicrobial agent, and therefore, routinely calculate the effective dose of the 
antimicrobial agent. 

14. It would have also been clear to such person that other standard tests well 
known to a skilled artisan at the time the '767 application was first filed, such as the dilution 
test, could routinely be used to calculate an effective dose of Burkholderia casidae (or variant 
thereof), suspension, cell-free filtrate and/or cell fraction for treating or inhibiting in an 
animal a disease caused by a pathogen. See, e.g., Sherris in Exhibit 2, p. 447, col. 1, last 
paragraph, to p. 448, col. 1, f2; and Bailey in Exhibit 3, p. 317, col. 2, line 1, to p. 318, col. 2, 
line 3. Like the diffusion test, the dilution test is also a well established in vitro susceptibility 
testing method commonly used by microbiologists and clinicians for the selection and in vivo 
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dosing of an antimicrobial agent. See, e.g., Sherris in Exhibit 2, page 447, col. 1, 1(4; and 
Bailey in Exhibit 3, page 313, paragraph bridging columns 1 and 2. In vitro data is one of 
many factors necessarily considered during the selection and in vivo dosing of an 
antimicrobial agent. See, e.g., Sherris in Exhibit 2, p. 446, col. 1, HI 1-2. 

15. Therefore, in my judgment and opinion, a person skilled in the art at the time 
the '767 application was first filed, based on the teaching of the specification of the 6 767 
application coupled with knowledge common in the art at the time the '767 application was 
first filed, and using only routine experimentation, would have been able to determine an 
effective dose of an antimicrobial preparation comprising a substantially pure culture or 
suspension of an appropriate Burkholderia casidae or variant thereof, a cell-free filtrate or 
cell fraction prepared from a substantially pure culture or suspension of Burkholderia casidae 
or variant thereof, or a cell-free filtrate or cell fraction prepared from an inactivated 
substantially pure culture or suspension of Burkholderia casidae or variant thereof, for 
treating or inhibiting in an animal a disease caused by a microorganism. 

16. As explained below, a person skilled in the art at the time the '767 application 
was first filed would have recognized that certain microorganisms that could be isolated from 
soil are also found in the normal flora of animals or humans. For example, Lactobacilli can 
be isolated from soil, corn foliage, and corn silage and are also members of the normal human 
gut and/or vaginal flora. With respect to members of the Burkholderia genus, such as 
Burkholderia cepacia (also known as Pseudomonas cepacia), have been recovered from the 
sputum of humans who lack any evidence of overt infection or disease, and also have been 
recovered from plants, soils, and water in the natural environment (see, e.g., Govan et al, 
"Burkholderia cepacia: medical, taxonomic and ecological issues," J Med Microbiol. 1996 
Dec;45(6):395-407, p. 396, col. 1, J3, lines 1-2, and col. 2, lines 9-13; Goldman etal, 
"Pseudomonas cepacia: biology, mechanisms of virulence, epidemiology," J Pediatr. 1986 
May;108(5 Pt 2):806-12, p. 806, col. 1, 1(1, lines 4-5; p. 806, col. 2, 1J1, lines 12-14; p. 807, 
col. 1, 1f4 5 lines 1-4; p. 808, col. 1, ^2, lines 2-3; and Holmes B., "The identification of 
Pseudomonas cepacia and its occurrence in clinical material," J Appl Bacteriol. 1986 
Oct;61(4):299-314, p.305, col. 1, 1(2, lines 1-2; and p. 306, col. 2, lines 1-4, copies of 
which are attached as Exhibits 14-16, respectively). 
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17. Therefore, in my judgment and opinion, a person skilled in the art at the time 
the '767 application was first filed, would have recognized that certain microorganisms that 
could be isolated from soil are also found in the normal flora of animals or humans. 

18. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true; and further that 
I make these statements with the knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United 
States Code, and that such willful false statements may jeopardize the validity of the '767 
application, and any patent issuing thereon. 



Date: June 14, 2007 
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J$ CURRICULUM VITA 

'^Da^^r AME . Joseph Oliver Falkinham, III 

BIRTH DATE AND PLACE: May 3, 1942 - Oakland, California 
EDUCATION: 

1970 Intern in Clinical Laboratory Medicine, David Grant USAF 

Medical Center, Travis AFB, California 

1969 Ph.D., Microbiology, University of California, Berkeley, California 

1964 • A.B., Bacteriology, University of California, Berkeley, California 

PROFESSIONAL EMPLOYMENT: 

1 994-present Professor of Microbiology 

Department of Biology 

Virginia Polytechnic Institute and State University 
Blacksburg, VA 24061 

1 980-1 993 Associate Professor of Microbiology (tenured) 

Department of Biology 

Virginia Polytechnic Institute and State University 
Blacksburg, VA 24061 

1 974-1 980 Assistant Professor of Microbiology 

Department of Biology 

Virginia Polytechnic Institute and State University 
Blacksburg, VA 24061 

1972-1974 Fellow in Microbiology and Research Associate 

Department of Microbiology 
University of Alabama Medical Center 
Birmingham, Alabama 35294 
Laboratory of Dr. Roy Curtiss, III 

1971-1972 Captain USAF (BSC) 

Chief, Laboratory Services 
USAF Hospital " 
Castle AFB, California 95343 

1 969-1 971 Captain USAF (BSC) 

Chief, Chemistry and Special Chemistry Section 
Department of Pathology 
David Grant USAF Medical Center 
Travis AFB, California 94535 



1965-1969 Predoctoral Trainee, USPHS and Graduate Teaching Assistant 

Department of Bacteriology, University of California 
Berkeley, California 94720 
Laboratory of Dr. Alvin J. Clark 

1964-1965 Laboratory Technician and Teaching Assistant 

Department of Soils and Plant Nutrition 
University of California 
Berkeley, California 94720 
Laboratory of Dr. A. Douglas MacLaren 

HONORS 

2006 Outstanding Teaching Award 

Department of Biological Sciences 

Virginia Polytechnic Institute and State University 

Blacksburg, Virginia 

2003 Gardner Middlebrook Award for Mycobacteriology 

Sponsored by Becton Dickinson Diagnostic Systems 
American Society for Microbiology Annual Meeting 
Washington, D.C. 

INVITED LECTURES 

2003 Symposium Speaker 

Joint New Zealand and Australia Microbiology Societies 
Auckland, New Zealand 

2002 Burroughs Wellcome - American Society for Microbiology 

Distinguished Visiting Professor in Microbiology 
University of Texas, El Paso 

Symposium Speaker 

European Society for Mycobacteriology 

Dubrovnik, Croatia 

2001 Workshop Speaker, Academy of Finland 

Microbes and Man: Health, Nutrition and Environment 
Helsinki, Finland 

1999 Symposium Speaker, European Congress of Clinical 

Microbiology and Infectious Diseases 
Berlin, Germany 

1998 Symposium Speaker 

American Thoracic Society/American Lung Association 
Chicago, IL 



1 997 Symposium Speaker, Australian Society for Microbiology 

Adelaide, Australia 

1 993 Invited Lecturer, Society for General Microbiology 

Exeter, United Kingdom. 

1 986 Divisional Lecturer, American Society of Microbiology, 

Washington, D.C. 

CONSULTANT 

1 993 - present Chief Scientific Advisor 

Dominion Biosciences, Inc., Blacksburg, VA 

1 976 - 1 995 Scientific Consu Itant, 

Sybron Chemicals, Inc., Salem, VA 

1 979 - 1 993 Lecturer in Biotechnology, 

Patent Resources Group, Inc., Washington, D.C. 

ADDITIONAL PROFESSIONAL ACTIVITIES 

1 986 Lecturer in Genetic Engineering, U.S. Patent and Trademark Office, 

U.S. Department of Commerce, Washington, D. C. 

1 986 Lecturer in Biotechnology, Office of Technology Assessment, 

U. S. Congress, Washington, D. C. 

1982 Visiting Scholar and Lecturer, Pennsylvania State University, Pittsburgh, 

Pennsylvania 

1 978 Invited Scientist and Lecturer, Polish Academy of Sciences and 

University of Warsaw, Warsaw, Poland. 

1 975 Visiting Scientist, Department of Microbiology, 

University of Virginia Medical School, Charlottesville. 



U.S. Patent Number 5,527,677 
Water Sample Viral Contamination Detection System 
M. Ijzerman, C. Hagedorn, III, and J.O. Falkinham, III 
Issued: 18 June 1996 

U.S. Patent Number 6,31 9,497 

Non-Obligate Predatory Bacterium Burkholderia casidae 
J.O. Falkinham, III, C.C. Cain, and E.J. Casida 
Issued: 20 November 2001 

U.S. Patent Number 6,689,357 
Non-Obligate Predatory Bacterium Burkholderia casidae 
J.O. Falkinham, III, C.C. Cain, and E.J. Casida 
Issued: 10 February 2004 
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PUBLICATIONS 
Books 

Wallace, B. and J.O. Falkinham, III. 1997. The Study of Gene Action. Cornell 
University Press. 

Collins, C.H., P.M. Lyne, J.M. Grange, and J. O. Falkinham, III. (Eds.) 2003. 
Microbiological Methods, Eighth Edition, Arnold, London. 

Review Articles 

Falkinham, J.O., III. 1994. Epidemiology of Mycobacterium avium infection in the 
pre- and post-HIVera. Res. Microbiol. 745:169-172. 

Falkinham, J.O., III. 1996. Epidemiology of infection by nontuberculous 
mycobacteria. Clin. Microbiol. Revs. 9:177-215. 

Falkinham, J.O., III. 1998. Biomanufacturing: the critical issues for product 
commerialisation. J. Commercial Biotechnol. 5:113-122. 

Falkinham, J.O., III. 2002. Nontuberculous mycobacteria in the environment. 
Clin. Chest Med. 23:529-551. 

Falkinham, J. O., III. 2002. Mycobacterium avium complex, p. 2112-2120. In: G. 
Bitton (ed.), Encyclopedia of Environmental Microbiology. John Wiley & 
Sons, Inc. New York. 

Falkinham, J. O., III. 2003. Mycobacterial aerosols and respiratory disease. Emerg. 
Infect. Dis. 9:763-767. 

Falkinham, J. O., III. 2003. The changing pattern of nontuberculous mycobacterial 
disease. Canadian J. Infect. Dis. 14:281-286. 

Primm, T. P., C. A. Lucero, and J. O. Falkinham, III. 2004. Health impacts of the 
environmental mycobacteria. Clin. Microbiol. Revs. 17:98-106. 

Bartos, M., J. O. Falkinham, III, and I. Pavlik. 2004. Mycobacterial catalases, 

peroxidases, and superoxide dismutases and their effects on virulence and 
isoniazid-susceptibility in mycobacteria - a review. Vet. Med. - Czech. 49:161- 
170. 

Editor 

Rastogi, N. and J.O. Falkinham, III. 1996. Solving the Dilemma of 

Antimycobacterial Chemotherapy, 13th Forum in Microbiology, Research 
Microbiology 147: Issues 1-2, pages 1-95. 
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Chapters in Books 

Low, K.B. and J.O. Falkinham, III. 1974. F-prime elements of Escherichia coli K-12, p. 
593-596. In: A. K. Laskin and H. Lechavalier (ed.), Handbook of Microbiology, 
Chemical Rubber Co., Cleveland, OH. 

Curtiss, R., Ill, F. L. Macrina, and J. O. Falkinham, III. 1974. Escherichia coli: An 

overview, p. 113-134. In: R.C. King (ed.), Handbook of Genetics, Plenum Press, 
New York, NY. 

Curtiss, R., Ill, R.G. Fenwick, Jr., R. Goldschmidt, and J.O. Falkinham, III. 1976. 
The mechanism of conjugation, p. 109-134. In: S. Mitsuhashi (ed.), 
Transferable Drug Resistance Factor R, University Park Press, Baltimore, 
MD. 

Falkinham, J. O., Ill, B. C. Parker, and H. Gruft. 1978. Isolation of potentially 
pathogenic mycobacteria from coastal marine and fresh waters of the 
southeastern United States, with observations on their ecology, p. 166- 
188. In: W. Hess (ed.), Proceedings of the Seafood Institute Seminar, 77, 
Virginia Polytechnic Institute and State University, Blacksburg, VA. 

Falkinham, J. O., Ill, B. C. Parker, K. L. George, S. L. Wendt, and H. Gruft. 1979. 
Epidemiology and ecology of the Mycobacterium avium - M. intracellular, 
and M. scrofulaceum (MAIS) group in the United States, p. 1-18. In: J. 
Vaillier (ed.), Colloque International sur les Mycobacteries Atypiques. 
I'Universite Claude-Bernard, Lyon, France. 

George, K.L. and J.O. Falkinham, III. 1989. Aerosolization of mycobacteria, p. 
211-220. In: P. Comtois (ed.) Aerobiology, Health and Environment. 
Centre de Recherches Ecologiques de Montreal, Montreal, Canada. 

Falkinham, J.O., III. 1989. Factors influencing the aerosolization of mycobacteria, 
p. 17-26. In: E. C. Monahan and M. A. Van Patten (eds.), Climate and 
Health Implications of Bubble-Mediated Sea-Air Exchange. Sea Grant 
Marine Science Institute, University of Connecticut, Groton, CT. 

Crawford, J. T. and J. O. Falkinham, III. 1990. Plasmids of the Mycobacterium 
avium complex, p. 97-119. In: J.J. McFadden (ed.), Molecular Biology of 
the Mycobacteria. Surrey University Press, London, United Kingdom. 

Falkinham, J. O., Ill, K. L. George, M. A. Ford and B. C. Parker. 1990. Collection and 
characteristics of mycobacteria in aerosols, p. 71-81. In: P. R. Moray, J. C. 
Feeler, Sr., and J. A. Otten (eds.), Biological Contaminants in Indoor 
Environments. American Society for Testing and Materials, Philadelphia, PA. 

Falkinham, J.O., III. 1992. The impact of AIDS on leprosy, tuberculosis, and other 
mycobacterial diseases, p. 61-83. In: B. Wallace, N. R. Krieg, and A. 
Distler (eds.), AIDS the Modern Plague. Virginia Polytechnic Institute and 
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RESEARCH GRANTS AND FINANCIAL SUPPORT 

2007-2008 Development of a Rapid Assay for Coliphage 

United States Environmental Protection Agency (EPA) 
$ 50,000 

2006-2007 Inhibitory Effects of Selected Chemicals on Mycobacteria 
United States Council for Automotive Research 
$ 60,000 

2003- 2005 Studies of Flora and Predator Bacteria of Jordan 

National Institutes of Health, Fogarty International Center 
International Cooperative Biodiversity Groups 
$465,019 

2004- 2005 Adaptation of Rapid Coliphage Detection Assay for Field Use 

Environmental Protection Agency, Region 6, Dallas, TX 
$31,960 

2001-2003 Genetic Characterization of Industrial Microorganisms 
Virginia Center for Innovative Technology and 
American Biosystems, Inc., $ 45,000 

1 999-201 0 Physiological Ecology of Mycobacteria 

Applied Microbiology and Genetics, $ 250,000 

1 998-2005 Genetic Studies of Burkholderia casidae strain 2.2 N 
Dominion Biosciences, Inc., $ 101,000 

1 997-1 999 PCR Detection of Mycobacteriosis in Aquaculture of Fish 
NOAA, Sea Grant Program, $ 120,000. 

1 996-1 999 Occurrence and Control of Mycobacterium avium Complex, 
American Water Works Association Research Foundation, $ 
250,000. 

1 996-1 998 Predator Fungicide Development, 

Dominion Biosciences, Inc., $ 175,000. 

1 993-1 995 Commercial Development of a Rapid Coliphage Assay, 
Virginia Center for Innovative Technology, $ 128,515. 

1 991 -1 994 Disseminated Mycobacterium avium in AIDS, 

National Institute of Allergy and Infectious Disease, $ 
267,550. 

1991-1 994 Clofazimine Action in Mycobacteria, 

Heiser Program for Research in Leprosy, $ 18,315. 

1 989-1 990 Mechanism of Clofazimine Resistance in Mycobacterium avium, 
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The Potts Foundation, $ 5,300. 
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1 987-1 990 Epidemiology of Infection by Atypical Mycobacteria, 

National Institute of Allergy and Infectious Diseases, $ 
338,208. 

1986-1987 Comparison of Mitochondrial DNA from Dairy and Beef Cattle Breeds, 
Biomedical Research Support Grant, $ 2,100. 

1 983-1 986 Epidemiology of Infection by Atypical Mycobacteria, 
National Institute of Allergy and Infectious Disease, $ 
503,410. 

1 983-1 984 Proof of Relatedness of Mercury- and Cadmium-resistant Human and 

Environmental Isolates of Mycobacterium avium, M. intracellulars, and M. 
scrofulaceum. Biomedical Research Support Grant, $ 2,000. 

1982-1983 Improvement in Silage Fermentation Through Genetic Engineering of 
Lactobacilli, George A. Jeffreys and Co., Inc. $ 1,800. 

1 980-1 982 Analysis of the /on-locus of Escherichia coli K-1 2, 

National Institute of Allergy and Infectious Disease, $ 
28,733. 

1 979-1 982 Epidemiology of Infection by Atypical Mycobacteria, 

National Institute of Allergy and Infectious Diseases, $ 
350,098. 

1977-1980 Membrane Involvement in Bacterial Conjugation, 

National Institute of Allergy and Infectious Diseases, $ 
51,101. 

1 977-1 979 Epidemiology of Infection by Atypical Mycobacteria, 

National Institute of Allergy and Infectious Diseases, $ 
120,323. 

1977-1978 Occurrence, Distribution, and Detection of Water-borne Bacterial 

Pathogens, Virginia Office of Water Resources Research, $ 15,907. 

THESES AND DISSERTATIONS DIRECTED 

Butala, N. (MS, Microbiology, 2006), "Nitrate and Nitrite-Reductase Activities in 
Mycobacterium avium A5." 

Steed, K. A. (MS, Microbiology, 2003), "Effect of Biofilm Growth on Antibiotic- and 
Chlorine-Susceptibility of Mycobacterium avium and Mycobacterium 
intracellulare." 

Jewell, S.N. (M.S. Microbiology, 2000), "Purification and Characteristics of a 
Novel Protease from Burkholderia ambifaria, Strain 2.2 N. 

Taylor, R.T. (M.S., Microbiology, 1998), "Chlorine, Chloramine, Chlorine Dioxide, 
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and Ozone susceptibility of Mycobacterium avium" 

Cowen, H. E. (M.S. Microbiology, 1998), "Rapid, Quantitative Assessment of 
Mycobacterium avium Susceptibility to Chlorine Based on the Firefly 
Luciferase Reporter Gene." 

Jensen, D. M. (Ph.D., Microbiology, 1997), "Genetic Basis for Macrolide 
Resistance in Mycobacterium avium". 

Stanek, J.E. (M.S., Microbiology, 1997), "Development of a Rapid Coliphage 
Detection Assay". 

Eaton, T. (M.S., Microbiology, 1993), "Epidemiology of Mycobacterium avium 
complex infecting AIDS patients". 

Via, L E. (Ph.D., Microbiology, 1993), "Insertion sequence \S1141: Discovery, 
characterization and association with Mycobacterium avium colonial 
variation". 

Jucker, M. T. (Ph.D., Microbiology, 1991), "Identification and characteristics of 
plasmid homology groups of Mycobacterium avium, M. intracellulare, and 
M. scrofulaceum". 

Carlisle, G.C. (M.S. Microbiology, 1991), "Isolation and characterization of the 
major cytoplasmic membrane protein of Mycobacterium avium". 

Warek, U. (M.S., Microbiology, 1990), "Mechanism of action of clofazimine in 
Mycobacterium avium and Mycobacterium intracellulare". 

Stopner, R. S. (M.S. Microbiology, 1989), "Differences in antimicrobial 
susceptibility of pigmented and unpigmented colonial variants of 
Mycobacterium avium". 

Pethel, M. L. (M.S. Microbiology, 1988), "Plasmid-influenced changes in 
Mycobacterium avium catalase". 

Erardi, F.X. (M.S. Microbiology, 1986), "Characterization of cadmium 
susceptibility in Mycobacterium avium, M. intracellulare and M. 
scrofulaceum." 

Mayer, B.K. (M.S. Microbiology, 1985), "Investigation of catalase and superoxide 
dismutase from Mycobacterium avium, M. intracellulare, and M. 
scrofulaceum". 

Fry, K. W. (M.S. Microbiology, 1984), "Comparison of environmental and clinical 
strains of Mycobacterium avium, M. intracellulare and M. scrofulaceum". 
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Meissner, P.S. (Ph.D. Genetics, 1984), "Plasmids of Mycobacterium avium, M. 
intracellulars and M. scrofulaceum: isolation, use as epidemiological 
markers and role in heavy metal-resistance". 

Cosby, W.M. (M.S. Microbiology, 1984), "Genetic engineering lactobacilli for 
improved alfalfa ensiling and citrate resistance". 

Smith, R.T. (Ph.D. Microbiology, 1983), "Effect of temperature-induced 

membrane lipid phase transitions in recipient cells on conjugation in 
Escherichia coli K-12". 

Brooks, R.W. (M.S. Microbiology, 1983), "Soil as a possible origin of organisms 
of the Mycobacterium avium, M. intracellular and M. scrofulaceum 
(MAIS) complex in the southeastern United States". 

Torres-Cabassa, A. S. (Ph.D. Genetics, 1982), "Genetic analysis and phenotypic 
characterization of Lon" mutants of Escherichia coli K-12". 

Winfield, S. L. (M.S. Microbiology, 1979), "Genetic duplication in Salmonella 
typhimurium". 

Ferguson, K.P. (M.S. Microbiology, 1978), "Identification of a mutation affecting 
plasmid establishment in Escherichia coli K-12". 

Fiore, J. D. (M.S. Microbiology, 1978), "Studies of the utility of lectin-induced 
agglutination and bacteriophage adsorption in determining bacterial 
lipopolysaccharide composition". 

TEACHING 

Genetics - Sophomore introductory genetics course. 

Genetics Laboratory - Sophomore laboratory course in genetic techniques. 

Microbiology - Sophomore introduction to all aspects of microorganisms. 

Microbial Genetics - A senior and graduate level course on the genetics of 
eukaryotic and prokaryotic microorganisms and their viruses. 

Molecular Biology - A junior and senior level course on eukaryotic and 
prokaryotic molecular biology and recombinant DNA technology. 

Topics in Microbial Genetics - Graduate, rotating topics course in microbial 
genetics. 

Molecular Biology Laboratory - A senior and graduate level laboratory course 
in molecular biological techniques. 
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Humanities and the Biological Sciences - Course in the Humanities, Science, 
and Technology Program on issues surrounding genetic engineering. 

PROFESSIONAL SERVICE 

American Society for Microbiology 

Editorial Board, Applied and Environmental Microbiology 
(2002-present) 

Chair, Mycobacteriology Division Nominations Committee, 1990 
Member, Mycobacteriology Division Program Committee, 1989 
Member, Mycobacteriology Division Nominations Committee, 1988 

ADMINISTRATIVE AND DEPARTMENTAL SERVICE 

University 

Intellectual Property Committee, 2000-present 
Promotion and Tenure Committee, 1997-1999 
Vice President, Faculty Senate, 1991-1992 
Secretary/Treasurer, Faculty Senate, 1990-1991 
Senator, Faculty Senate, 1989-1993 

Chair, Faculty Senate Committee on Reconciliation, 1991-1994 
Member, Laboratory & Hazardous Material Committee, 1995-1998 
Chair, Commission on University Support, 1992-1993 
Chair, Commission on Faculty Affairs, 1991-1992 
Chair, Interdepartmental Genetics Program, 1981-1982 
University Pre-Medical/Dental Advising Committee, 1975-1981 

College 

Personnel Committee, College of Arts and Sciences, 1994-1996 
Secretary, College of Arts and Sciences Faculty Senate, 1989-1990 
Liberal Arts and Sciences Major Advisory Committee, 1980-1988 
Humanities, Science and Technology Faculty, 1976-1990 

Department 

Executive and Personnel Committee, 2005-2006 
Chair, Alumni Advisory Committee, 2000-present 
Executive and Personnel Committee, 2001-2002 
Graduate Advisor, 1 991 -1 996 

Chair, Molecular Cell Biologist Search Committee, 1992-1993 

Chair, Microbiologist Search Committee, 1994-1995 

Member, Curriculum Committee, 1990-1993 

Member, Graduate Selection Committee 1988-1989 

Member, Graduate Examination Committee, 1984-1988 

Member, Research Committee, 1974-1976 

Member, Safety Committee, 1975-1990 

Member, Self Study Committee, 1975-1976 

Chair, Undergraduate Awards Committee, 1979-1980 
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To Stacey N. Lefont/JonesDay@JonesDay 

cc Glenn S. Arden/JonesDay@JonesDay, Sashay 
Franklyn/JonesDay@JonesDay 

bcc 

Subject Re: CSB Securitization H) 

Attached are proposed tax changes. 
Ed 
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Edward A. Purnell 
Jones Day 

77 West Wacker Drive 
Chicago, Illinois 60601-1692 
(312) 269-4368 
epurnell@jonesday.com 




Edward Purnell /JonesDay 

Extension 5-4368 

06/15/2007 01:43 PM 



IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the IRS, we inform you 
that any U.S. federal tax advice contained in this communication (including any attachments) is not 
intended or written to be used, and cannot be used, for the purpose of (i) avoiding penalties under the 
Internal Revenue Code or (ii) promoting , marketing or recommending to another party any transaction or 
matter addressed herein. 

Stacey N. Lefont/JonesDay 




Stacey N . Lefont/JonesDay 

06/15/2007 10:29 AM 



To Edward Purnell/JonesDay@JonesDay 

cc Glenn S. Arden/JonesDay@JonesDay, Sashay 
Franklyn/JonesDay@JonesDay 
Subject Re: CSB Securitization 



Ed, 

I thought we had to limit the total number of holders of A's, B's, C's and D's to 99? (That is what I have in 
the document right now). We can probably limit the R to one holder only, if we need to. There is a 
sentence in the document now stating that there can be no more than one holder of the Class R 
Certificate, but the sentence is currently in brackets because I wasn't sure if it was necessary. 

Also, please let me know if you have any comments to the forms of Certificates , which are included in the 
Exhibits document. 

I think that our client is going to send out the drafts to Aegon today, but I can always send a subsequent 
set of changed pages reflecting tax comments. 

Sashay Franklyn (one of our summer associates) is helping me on this transaction and can help process 
any changes you have in a new version of the document. 



Stacey 



Stacey N. Lefont 

Jones Day 
222 E. 41st Street 
New York, New York 1 001 7-6702 
Telephone: (212)326-3745 
Facsimile: (212)755-7306 
Email: slefont@jonesday.com 



The preceding email message (including any attachments) contains information that may be confidential, 
be protected by attorney-client or other applicable privileges , or constitute non-public information. If you 
are not the intended recipient of this message, please notify the sender and then delete it. Use, 
dissemination, distribution, or reproduction of this message by unintended recipients is not authorized and 
may be unlawful. 



This e-mail (including any attachments) may contain information that is private, confidential, or protected 
by attorney-client or other privilege. If you received this e-mail in error, please delete it from your system 
without copying it and notify sender by reply e-mail, so that our records can be corrected. 
Edward Purnell 

From: Edward Purnell 

Sent: 06/15/2007 11:16 AM EDT 

To: Stacey Lefont 

Cc: Glenn Arden 

Subject: Re: CSB Securitization 

We need to limit transfers of the Cs, Ds and Rs (if the Rs are transferable). The As and Bs can be held 
without limitation. HI have some minor changes to the pooling agreement later today. 



Edward A. Purnell 
Jones Day 

77 West Wacker Drive 
Chicago, Illinois 60601-1692 
(312) 269-4368 
epurnell@jonesday.com 



IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the IRS, we inform you 
that any U.S. federal tax advice contained in this communication (including any attachments) is not 
intended or written to be used, and cannot be used, for the purpose of (i) avoiding penalties under the 
Internal Revenue Code or (ii) promoting , marketing or recommending to another party any transaction or 
matter addressed herein. 

Stacey N. Lefont/JonesDay 



Ed 




Stacey N . Lefont/JonesDay 

Extension x 7-3745 
(212) 326-3745 

06/14/2007 07:03 PM 



To 



cc 



Edward Purnell/JonesDay@JonesDay 
Glenn S. Arden/JonesDay@JonesDay 
Re: CSB Securitization© 



Subject 



Ed, 



In your rider, what do the references to the Class E Certificates refer to? Should those references be to 
the Class R Certificate, which is held by the Seller and not freely transferable? Or should I delete the 
provisions relating to Class E? Or should I change all the references to Class C, D and E to Class A, B, C 
and D? (The A, B and C Certificates are the Senior Certificates, the D Certificates are the Junior 
Certificates and the R Certificate is issued to the Seller). 

Stacey 



Stacey N. Lefont 
Jones Day 
222 East 41st Street 
New York, New York 1 001 7-6702 
Telephone: (212)326-3745 
Facsimile: (212)755-7306 
Email: slefont@jonesday.com 
Edward Purnell/JonesDay 



The limitation language, attached below, should go in the pooling agreement -- probably in 7.04 
(which will need some conforming changes). Any assignment or participation provision in the certificate 
purchase agreements should either incorporate the limit for the affected certificate (C or D) or cross 
reference the applicable pooling agreement limitation . There isn't any tax requirement that the limits be 
set out in the notes You may want to cross-reference them in the notes nonetheless. 

I've left blanks for the C, D and E sublimits. The sublimits must add up to 99 or less. 
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Edward A. Purnell 
Jones Day 

77 West Wacker Drive 
Chicago, Illinois 60601-1692 
(312) 269-4368 
epurnell@jonesday.com 




Edward Pumell /JonesDay 



Subject 



cc 



Stacey N. Lefont/JonesDay@JonesDay 
Glenn S. Arden/JonesDay@JonesDay 
Re: CSB Securitization H 



IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the IRS, we inform you 
that any U.S. federal tax advice contained in this communication (including any attachments) is not 
intended or written to be used, and cannot be used, for the purpose of (i) avoiding penalties under the 



Internal Revenue Code or (ii) promoting , marketing or recommending to another party any transaction or 
matter addressed herein. 



Stacey N. Lefont/JonesDay 



Stacey N . Lefont/JonesDay 




06/14/2007 11:52 AM 



Subject 



To 



cc 



Edward Purnell/JonesDay@JonesDay, Glenn S. 
Arden/JonesDay@JonesDay 



Re: CSB Securitization 



They are okay with the limit - 1 just need the language. Should the limitation be in the PSA or the 
Certificates themselves (or both)? 



Stacey N. Lefont 

Jones Day 
222 E. 41st Street 
New York, New York 1 001 7-6702 
Telephone: (212)326-3745 
Facsimile: (212)755-7306 
Email: slefont@jonesday.com 



The preceding email message (including any attachments) contains information that may be confidential, 
be protected by attorney-client or other applicable privileges , or constitute non-public information. If you 
are not the intended recipient of this message, please notify the sender and then delete it. Use, 
dissemination, distribution, or reproduction of this message by unintended recipients is not authorized and 
may be unlawful. 



This e-mail (including any attachments) may contain information that is private, confidential, or protected 
by attorney-client or other privilege. If you received this e-mail in error, please delete it from your system 
without copying it and notify sender by reply e-mail, so that our records can be corrected. 
Edward Purnell 

From: Edward Purnell 
Sent: 06/14/2007 11:51 AM CDT 
To: Glenn Arden; Stacey Lefont 
Subject: CSB Securitization 

Could you get me the name of the tax person at Stroock? I'd like to discuss the need for a limit on the 
number of holders for the Cs, Ds and E . 



Edward A. Purnell 
Jones Day 

77 West Wacker Drive 
Chicago, Illinois 60601-1692 
(312) 269-4368 
epurnell@jonesday.com 



Ed 



IRS Circular 230 Disclosure: To ensure compliance with requirements imposed by the IRS, we inform you 
that any U.S. federal tax advice contained in this communication (including any attachments) is not 
intended or written to be used, and cannot be used, for the purpose of (i) avoiding penalties under the 
Internal Revenue Code or (ii) promoting , marketing or recommending to another party any transaction or 
matter addressed herein . 
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General Considerations 



JOHN C. SHERRIS and JOHN A. WASHINGTON II 



A number of considerations are involved in 
selecting an appropriate antimicrobic to treat an 
infection. (The term antimicrobic is used in this 
section to describe both antibiotics and chemo- 
therapeutics.) These include: (i) knowledge of 
the inherent in vitro susceptibility of the infect- 
ing organism to appropriate antimicrobics; (ii) 
the relationship of the susceptibility of the strain 
to that of other members of the same species; 

(iii) pharmacological properties including toxic- 
ity, protein binding, distribution, absorption, and 
excretion, particularly under circumstances of 
existing or developing hepatic or renal failure; 

(iv) previous clinical experience of efficacy in 
treating infections due to the same species; (v) 
the nature of the underlying pathological proc- 
ess, its natural history, and its influence on 
chemotherapy; and (vi) the immune status of 
the host. 

Of these factors, the concentrations of anti- 
microbic required to inhibit or kill organisms in 
vitro and those attained in body fluids during 
treatment are subject to direct measurement in 
the clinical laboratory. The purpose of this sec- 
tion of the manual is to provide detailed descrip- 
tions of appropriate procedures for these pur- 
poses. The susceptibility methods described are 
for use with bacteria other than mycobacteria, 
which are separately considered in Chapter 14. 

The role of the laboratory in the selection and 
monitoring of chemotherapy was succinctly ex- 
pressed by Theodore G. Anderson in the first 
edition of this manual: 1 ' When selecting an an- 
timicrobial agent for therapy, it is the physician's 
responsibility to take into consideration the 
pharmacological characteristics of the several 
drugs as well as their relative antimicrobial ef- 
fectiveness. The responsibility of the laboratory 
is to provide information through standardized 
in vitro tests, of the activity of appropriate an- 
timicrobial agents against the organism in ques- 
tion." The methods given in the subsequent 
chapters constitute accepted approaches among 
the authors providing this information. Different 
procedures have been developed by others in a 



number of countries, and the reader is referred 
to more detailed reviews for further information 
and for broader consideration of the theory of 
the subject (1, 2, 4, 5, 8, 10, 13-17). 

ANTIMICROBIAL SUSCEPTIBILITY 
TESTING 

Influence of technical variation on 
susceptibility test results 

The results of both dilution and diffusion sus- 
ceptibility tests may be influenced markedly by 
the reagents and conditions of the tests, and 
these variables have been the source of consid- 
erable confusion in the past. Inoculum density is 
especially important. In addition, incubation 
time and temperature, pH, atmosphere, and sta- 
bility of antimicrobics may all influence the end- 
points obtained. Differences in constituents or 
ionic content of the medium, even between 
batches, may influence results of tests, particu- 
larly with the sulfonamides, tetracyclines, poly- 
myxins, and aminoglycosides. In addition, dif- 
fusion tests are influenced by the growth rate of 
the organism and by the type, depth, and con- 
centration of the agar used. For these reasons, 
special emphasis has been placed on reference 
procedures and methodological standardization 
(4, 6, 7, 11, 12, 19, 20), because only in this way 
can adequate reproducibility be obtained in in- 
vestigative and clinical work. 

In each of the susceptibility tests described, 
the inoculum is derived from several colonies. 
This is designed to reduce the chance of selecting 
variants derived from loss- mutations (e.g., loss 
of penicillinase production in staphylococci) or 
segregants from R- factor resistance markers. It 
also increases the chance of including represent- 
atives of the more resistant organism if more 
than one strain is represented by colonies that 
cannot be distinguished morphologically. The 
final inocula are reasonably heavy, which in- 
creases the chance of detecting high-frequency 
mutations to resistance and heteroresistant 
strains. The media selected show generally good 
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buffering qualities and reproducibility and are of 
physiological pH. A central criterion of the con- 
ditions to be used in effective diffusion, dilution, 
or automated tests is that they must be able to 
detect strains carrying clinically important re- 
sistance determinants. 

Selection of susceptibility tests methods 

Diffusion test. The most widely used proce- 
dure is still the disk diffusion method, described 
in Chapter 44, which has been accepted by the 
Food and Drug Administration (FDA) (6, 7) and 
as a standard by the National Committee on 
Clinical Laboratory Standards (NCCLS) (11). 
This procedure, as normally used, is essentially 
a qualitative test which allocates organisms to 
the sensitive (susceptible), intermediate (or in- 
determinate), or resistant categories discussed 
below. The procedure is flexible in regard to the 
antimicrobics that can be tested, and it is easy 
to set up individual tests at different times. It is 
technically simple, although it requires careful 
attention to detail. It is generally applicable to 
organisms whose growth rate approximates 
those of the members of the Enterobacteriaceae 
family and Staphylococcus aureus, and the pro- 
cedure has now also been adapted to detect 
penicillinase-producing strains of Haemophilus 
influenzae and Neisseria gonorrhoeae, and 
strains of pneumococci that have developed in- 
creased resistance to penicillin and some other 
antibiotics (see Chapter 44). In cases of clinical 
urgency, clinical material may serve as the in- 
oculum for the test if the precautions indicated 
in Chapter 44 are followed. More experience has 
been gained over the years with this diffusion 
procedure than with any other test. 

The deficiencies of the diffusion test are its 
nonquantitative interpretation, its inapplicabil- 
ity to many slow-growing organisms and anaer- 
obes, and its inaccuracy in predicting suscepti- 
bility (as opposed to resistance) with antimicro- 
bics, exemplified by the polymyxins, that diffuse 
poorly. Overall, however, it is an effective pro- 
cedure for most routine tests but requires sup- 
plementation with a dilution test in situations 
when it is inapplicable or when more quantita- 
tive results are needed. 

Dilution test. The most quantitative method 
for antimicrobial susceptibility testing is one of 
the dilution tests (considered in Chapters 42, 43, 
and 47) which are derived from the International 
Collaborative Study recommendations (4) or 
from proposed NCCLS standards. These yield 
direct quantitative results, are essentially unin- 
fluenced by the growth rate of the organism, and 
avoid some of the complexities of diffusion prop- 
erties of antimicrobics. Dilution tests do not 



have the flexibility of the diffusion test, generally 
cannot be used for direct tests of clinical material 
because of the difficulty in detecting contami- 
nation, and, if reported quantitatively, require 
that the clinician be able to interpret the result 
or be helped in doing so. 

The primary indication for dilution tests is to 
obtain quantitative susceptibility data when 
these are important or necessary for proper man- 
agement of antimicrobial therapy. Although 
qualitative data are usually adequate for guiding 
the therapy of most infections, quantitative in- 
formation may be needed when drug dosage 
schedules and serum levels must be closely mon- 
itored or under the conditions in which disk test 
results are inapplicable, equivocal, or unreliable. 
These conditions include tests on slow-growing 
organisms, confirmation of susceptibility (as op- 
posed to resistance) to the polymyxins (B or E), 
confirmation of resistance to the aminoglyco- 
sides (particularly gentamicin, tobramycin, and 
amikacin), and tests with potentially toxic but 
clinically useful antimicrobics which yield inter- 
mediately susceptible results by the disk test. 
Infections due to microorganisms which are ca- 
tegorized by the disk test as resistant or inter- 
mediate to the relatively nontoxic penicillins and 
cephalosporins may occasionally be treated pref- 
erentially and safely with large doses of one of 
these agents. Some urinary tract infections may 
respond to ordinary dosages of some antimicro- 
bics because of the high levels which they attain 
in the urine. In these cases, the precise degree of 
susceptibility of an organism may influence the 
choice of antimicrobic, its dosage, and its route 
of ao!ministration. Other indications for dilution 
methods are for testing the susceptibilities of 
anaerobes by the methods described in Chapter 
45 and for determining bactericidal activity or 
evidence of synergism or antagonism between 
antimicrobics against particular microorgan- 
isms. These procedures are considered in Chap- 
ter 46. Finally, dilution tests have been found to 
be practical and economical for routine purposes 
through the use of seraiautomated microdilution 
techniques (see Chapter 43) or replica- plating 
agar dilution methods (see Chapter 42). 

Any laboratory that intends to use the dilution 
test routinely and to prepare its own reagents 
and antibiotic dilutions must have the ability to 
prepare and maintain fully potent stock solu- 
tions of antimicrobic and to produce working 
dilutions on a regular basis. As with all suscep- 
tibility tests, the laboratory must control inocu- 
lum size and endpoint reading and must develop 
or use a quality control system that will give 
endpoints within the range of each series of 
antimicrobic dilutions. Recent data from profi- 
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ciency testing surveys show rather wide varia- 
tion in quantitative results on the same strain 
tested in different laboratories by a variety of 
dilution procedures and schedules. Interlabora- 
tory reproducibility is much better when well- 
controlled prediluted commercial systems are 
used, and similar improvement can be expected 
if the protocols used in Chapters 42 and 43 are 
followed. 

Routine use of dilution procedures that do not 
use preprepared commercial plates is most ap- 
propriate for larger laboratories where there is 
sufficient skilled technical help to ensure repro- 
ducibility. Preprepared systems, when ade- 
quately controlled, are applicable to smaller lab- 
oratories. 

Tests for antimicrobic inactivating en- 
zymes. In some instances, resistant strains of 
bacteria among originally susceptible species 
owe their resistance exclusively to their ability 
to destroy or inactivate particular antibiotics. 
This is the case with penicillin and ampicillin 
resistance of strains of Staphylococcus aureus, 
Haemophilus influenzae, and Neisseria gonor- 
rhoeae that produce penicillinase. These can be 
detected rapidly and accurately with simple 
chemical procedures for detection of the enzyme 
(18), and results are available much more rapidly 
than those of orthodox susceptibility tests. Pro- 
cedures for this purpose are described in Chapter 
46. 

Automated te3ts. Recently, a variety of 
mechanized or automated procedures have been 
developed for susceptibility testing, and these 
are considered in Chapter 48. Some facilitate the 
performance and reading of traditional over- 
night susceptibility tests. Others are designed to 
yield qualitative or limited quantitative results 
on the same day that the test is set up. Several 
of these procedures have already been evaluated 
by collaborative studies and have been shown to 
have a high degree of reproducibility. However, 
comparability of procedures providing rapid re- 
sults with overnight dilution or diffusion tests 
has been more difficult to achieve with a few 
organism-antimicrobic combinations because 
the extent of inhibition of growth in the first few 
hours of contact may differ from that seen after 
overnight incubation. Most of these difficulties 
are being overcome by the use of heavier inocuia 
or computer analyses of growth patterns in the 
presence of one or more concentrations of anti- 
microbic. These approaches are discussed in 
more detail in Chapter 48. Suffice it to say that 
automated methods have already been shown to 
have a place in routine work of larger laborato- 
ries when their limitations are recognized and 
avoided by using a traditional test on organism- 
antimicrobic combinations for which the auto- 
mated test is inappropriate. 



Interpretation of susceptibility tests: 
"susceptibility" and "resistance" 

The interpretation of a quantitative suscepti- 
bility test result has three major components. 

1. The relationship of the MIC (minimal in- 
hibitory concentration) orMLC (minimal lethal 
concentration) of the organism to the concen- 
tration of antimicrobic in the blood, or in some 
cases urine or other fluid, obtained with the 
dosage given. This has proved a clinically useful 
approach, but is inevitably an incomplete model 
of the in vivo situation because of the varying 
degrees of protein binding, the interacting effects 
of host defense mechanisms, and the arbitrary 
aspects of the selection of test conditions. 

2. The relationship of the susceptibility of the 
strain under test to that of other members of the 
same species. This is useful because the selection 
of resistant mutants or strains with extrachro- 
mosomal determinants of resistance has led to 
the appearance of populations of strains of some 
species well separated from the "wild" types that 
were previously uniformly susceptible to the an- 
timicrobic. The resulting bimodal distribution of 
susceptibilities correlates well with clinical re- 
sponsiveness. Thus, a strain falling in the more 
resistant population is considered a priori a re- 
sistant member of that species. 

3. Clinical experience with the treatment of 
the particular type of infection involved. An 
ideal interpretation of susceptibility test results 
takes account of these factors independently. 
From a practical point of view, organisms are 
frequently allocated to predetermined "suscep- 
tiblei" "resistant," and one or more "intermedi- 
ate" categories, and this approach was consid- 
ered by the International Collaborative Study to 
continue to be useful and necessary in the light 
of presently available technical methods and 
general understanding of the principles of 
chemotherapy (4). The three categories recom- 
mended for the diffusion test given in Chapter 
44 have been based on the synthesis of the first 
two criteria given above. They have been defined 
(11) as: (i) susceptible (or sensitive), implying 
that an infection due to the strain tested may be 
appropriately treated with the antimicrobics and 
dosages recommended for that type of infection 
and infecting species, unless otherwise contrain- 
dicated; (ii) resistant, containing strains not 
completely inhibited within the usual therapeu- 
tic dosage range; and (iii) intermediate, compris- 
ing a "buffer zone" which prevents major inter- 
pretative discrepancies that might result from 
small uncontrolled technical factors. The last 
category also includes strains which may re- 
spond to concentrations attainable by unusually 
high dosage or in areas, such as portions of the 
urinary tract, where the antimicrobic is concen- 
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trated. The clinical extrapolations of these cat- 
egories are, of course, subject to the considera- 
tions given in the first paragraph of this chapter. 

This three-category system requires qualifi- 
cation in that it does not consider the blood 
levels that may be attained with very high dos- 
ages of the relatively nontoxic penicillins and 
cephalosporins, the high urine levels of certain 
antimicrobials, or the low blood levels achieved 
with oral as opposed to parenteral dosage of 
certain antimicrobics. Thus, it is important to 
recognize the need for quantitative data in spe- 
cial cases. 

Indications for susceptibility tests in the 
clinical laboratory 

Tests are indicated for organisms contributing 
to the infectious process whose susceptibility 
cannot be predicted from knowledge of their 
identity. This applies, in particular, to S. aureus, 
to gram- negative enteric organisms, to some an- 
aerobes, and to unusual and opportunistic spe- 
cies playing a pathogenic role. Specific patterns 
of susceptibility (antibiogram) may be charac- 
teristic of a species and may, therefore, assist in 
correct species allocation. Antibiograms may be 
determined for epidemiological reasons because 
the occurrence of an unusual antibiogram for a 
given species often assists in the recognition of 
common-source outbreaks and patterns of cross- 
| infection. 

Routine susceptibility tests are not needed 
when resistance has not been described to the 
antimicrobic of choice, e.g., Streptococcus py- 
ogenes and Neisseria meningitidis to pemcillin. 
However, this situation needs to be reviewed 
constantly, because the recent emergence of fi- 
lactamase-producing strains of H. influenzae 
and N. gonorrhoeae (3) and of pneumococci 
resistant to penicillin and other antibiotics (9) 
j has changed the requirements for testing among 
\ these species. Susceptibility testing should be 
I avoided on members of the normal flora in their 
, normal habitat and on organisms that are known 
! not to be playing a pathogenic role. To make 
such tests is both wasteful and misleading. The 
routine diffusion susceptibility test described in 
Chapter 44 should never be made on organisms 
for which its interpretative criteria are inap- 
plicable (e.g., slow growers or anaerobes). 

j Selection of antimicrobics for testing 

For routine susceptibility testing, single rep- 
! resentatives of a group of related antimicrobics 
are used whenever possible, and the FDA has 
recognized specific class disks for many antimi- 
crobic groups for use in the diffusion test (see 
Chapter 44). However, there are sufficient dif- 
ferences in the spectra of activity, or mecha- 



nisms of resistance, among certain penicillins, 
cephalosporins, and aminoglycosides that more 
than one representative member of each of these 
groups needs to be tested. The selection of an- 
timicrobics to be tested should also be limited 
to those that are clinically useful and appropri- 
ate for the site of infection, except when the 
procedure is being used to determine antibio- 
grams for epidemiological purposes or when par- 
ticular antimicrobics yield taxonomically useful 
information. For example, tests with nitrofur- 
antoin and nalidixic acid should be limited to 
bacteria isolated from the urinary tract, and 
tests of the combination of trimethoprim and 
sulfamethoxazole should be limited to organisms 
causing urinary tract infections or otitis media, 
which are presently the only approved uses of 
this combination in the United States. Tests 
with methenamine mandelate should not be per- 
formed because its in vivo activity depends on 
urinary acidification to a pH of 5.0 or less, and 
this condition is not reproduced in the ordinary 
test systems. 

The antimicrobics listed in Table 1 should 
fulfill the basic requirements for routine tests in 
most clinical laboratories, for aerobic and facul- 
tatively anaerobic bacteria, and the list conforms 
closely to NCCLS recommendations. Additional 
antimicrobics may be added as noted in the 
footnotes to Table 1, when needed for special 
problems of the individual patient, or to take 
account of local preference or rules. Antimicro- 
bics appropriate for testing anaerobes are con- 
sidered in Chapter 45. To avoid confusion, re- 
sults and tests on antimicrobics that are inap- 
propriate in therapy and that are tested for 
epidemiological or taxonomic purposes should 
not be reported to the physician. 

A decision to include a new antimicrobic in 
the basic test set of a routine laboratory should 
be based on (i) the use of the antimicrobic having 
been approved by the FDA or its equivalent, (ii) 
an activity spectrum differing significantly from 
presently used analogs, (iii) readily available 
information on its clinical pharmacology, (iv) 
the availability of well-documented and FDA- 
approved zone diameter interpretative criteria 
in the case of disks for diffusion testing, and (v) 
a clear clinical need for its introduction. 

SPECIAL TESTS AND ASSAYS 

Susceptibility tests make up the bulk of the 
clinical laboratory tests which are ordered to 
assist the clinician in his choice of cheraothera- 
peutics. They may need to be supplemented 
with other procedures in certain complex clinical 
situations, especially in subacute bacterial en- 
docarditis and in severe infections in the immu- 
nologically compromised. In these cases, deter- 
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Table 1. 

Basic sets of antimicrobics to be tested routinely against rapidly growing aerobic and facultatively 

anaerobic bacteria 0 



Antimicrobics 



Staphylococci 
and streptococci 



Enterococci 



Enteric gram- negative bacilli 
other than P. aeruginosa 



P. aeruginosa 



Urinary 



Other 



Penicillins 

Ampicillin 

CarbenicUlin 

Nafcillin, oxacillin, or 
methicillin* 

Penicillin G 
Cephalosporins 

Cefamandole 

Cefoxitin 

Cephalothin 
Chloramphenicol 
Clindamycin 
Erythromycin 
Aminoglycosides 

Amikacin 

Gentamicin 

Kanamycin 

Tobramycin 
Polymyxin B or E 
Tetracycline 
Vancomycin 
Urinary tract agents 

Nalidixic acid 

Nitrofurantoin 

Sulfonamides 

S ulfamethoxazole/tri- 
methoprim 



1 



l c 
l c 
1 

2 



a 1 = Primary set; 2 = secondary drugs. 

* Oxacillin or nafcillin is preferable for detecting heteroresistant methicillin-resistant S. aureus. 
c Cefamandole and cefoxitin may be reserved for testing cephalothin-resistant organisms only. 



mination of bactericidal concentrations or of the 
effect of combinations of antimicrobics may need 
to be measured. Direct tests of the ability of the 
antimicrobic in the patient's serum to inhibit or 
kill the infecting organism may also be helpful 
in monitoring the adequacy of dosage schedules 
(see Chapter 46). So far, there is still no general 
agreement on methods for determining minimal 
lethal (bactericidal) concentrations, studying an- 
timicrobic combinations, or determining serum 
inhibitory or bactericidal activity against the 
infecting organisms. The procedures given 
should continue to serve as a basis for further 
studies towards methodological standardization 
of these important tests. 

Increasingly, it is necessary to determine the 
amount of antimicrobic present in serum, urine, 
other fluids, or tissues. In clinical practice, this 
applies particularly to agents such as gentami- 
cin, tobramycin, and amikacin, for which poten- 
tially toxic levels and therapeutic levels are very 
close. Serum assays are thus required to ensure 
that antimicrobic concentrations in the blood 



are within a safe, but effective, range. This is 
particularly the case in patients with renal defi- 
cit, in whom serum levels of antimicrobic may 
be less predictable. Simple, rapid, and accurate 
methods for this procedure are given in Chapter 
47. 

FUTURE NEEDS 

Since the last edition of this manual, an 
NCCLS standard for diffusion susceptibility 
tests has been published and an updated revision 
has recently appeared (11). A standard for an- 
aerobic susceptibility testing (12) has also been 
published, and one for dilution tests is in the 
final stages of preparation. These provide refer- 
ence points for clinical, epidemiological, and re- 
search studies. Concurrently, quality control val- 
ues for standard strains have been developed 
and updated to include new antimicrobics. Ma- 
jor proficiency testing programs for susceptibil- 
ity test results are now operating through the 
Center for Disease Control and the College of 
American Pathologists. Thus, the background 
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for improvement of susceptibility test proce- 
dures to give greater accuracy and better inter- 
laboratory reproducibility has been laid. It is 
especially important that mechanisms be main- 
tained for regular updating of reference proce- 
dures, interpretative standards for new antimi- 
crobics, recommendations for basic routine sets 
of antimicrobics for testing, and data on per- 
formance of quality control strains. Supplements 
providing such data are planned by the NCCLS. 

Developments in mechanization and commer- 
cially available test kits have now brought the 
capacity for quantitative susceptibility testing 
even to small laboratories, and this trend is 
likely to continue. Automated procedures that 
yield rapid results and can be directly interfaced 
with computer reporting systems are already 
available, and more can be expected to be de- 
veloped. There is a clear need for agreement on 
evaluative protocols by which the relationship 
between the performance of new systems and 
reference procedures can be assessed and for 
definitions of acceptable performance. Potential 
purchasers need access to such data before de- 
ciding whether to incorporate a system into their 
routine work. 

Media used for susceptibility testing remain a 
problem. Performance standards for commer- 
cially produced Mueller-Hinton media are 
needed for application at the manufacturer's 
level. For instance, it has become increasingly 
apparent that there are variations in perform- 
ance of Pseudomonas aeruginosa with the 
newer arninoglycoside antimicrobics when 
tested with different methods and with batches 
of media from the same or different manufac- 
turers, resulting in MICs ranging over several 
dilution steps. This has caused problems of in- 
terpretation that can only be resolved by per- 
formance control at the manufacturers level. 
With the wider acceptance of reference proce- 
dures, there is need for a review of qualitative 
interpretative categories used in diffusion and in 
some dilution and automated procedures. The 
boundaries of interpretative categories have in- 
volved some best- judgement types of decisions 
and subjective clinical experience. Moreover, 
validation of categories by detailed clinical stud- 
ies has been made difficult in the past by inad- 
equate methodological standardization. This 
should now be possible, particularly with new 
antimicrobics. 

Methodological agreement is needed on tech- 
niques for determining bactericidal endpoints, 
for measurements of the effects of combinations, 
and for performing serum inhibitory or bacteri- 
cidal tests. In the absence of standardized meth- 
ods or reference procedures, results from differ- 
ent laboratories cannot be compared with con- 



fidence, and an adequate base of experience has 
not been developed for fully satisfactory inter- 
pretation of the results. For all of these proce- 
dures, the kinetics of microbial killing by anti- 
microbics make it essential that statistical end- 
points be accepted, such as those recommended 
in Chapter 46. 

In summary, we may reasonably look forward 
to improved performance of media and of pro- 
cedures for orthodox susceptibility tests, to im- 
provements in selecting and disseminating inter- 
pretative recommendations, and to improved 
quality control. Beyond that, rapid automated 
or semiautomated procedures for susceptibility 
testing are coming into use and should result in 
better reproducibility through elimination of 
many sources of technical error. There continues 
to be a need for reference or agreed procedures 
for determining lethal endpoints, interactions of 
combinations, and bactericidal activities of se- 
rum so that interpretations of the results of these 
tests can be refined through cumulative experi- 
ence. These developments should increase the 
usefulness of laboratory procedures in the selec- 
tion and monitoring of chemotherapy. 
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34 Determination of susceptibility 
of bacteria to antimicrobial agents 



According to Isenberg, 12 the value of 
the clinical laboratory can be measured 
only by the significance of the guidance it 
gives the practicing physician in the treat- 
ment of his patients. In no other area of 
clinical microbiology does this statement 
become more pertinent than in the testing 
of clinical isolates for their susceptibility to 
antimicrobial agents. With the increasing 
number of these agents at the physician's 
disposal and the changing pattern of resis- 
tance and susceptibility among bacteria — 
particularly the gram-negative enteric ba- 
cilli — the clinician must rely more and 
more upon sensitivity testing to guide his 
selection of appropriate drugs or alter an 
already imposed regimen. Therefore, to a 
large extent, a laboratory report showing 
susceptibility or resistance to a particular 
antimicrobial agent becomes an endorse- 
ment of its usefulness or withdrawal. 

Since the microbiologist must become 
an adviser to the physician regarding 
proper antimicrobial therapy, it follows, 
therefore, that he must maintain (1) a 
high level of accuracy in his testing proce- 
dures, (2) a high degree of reproducibility 
for the results, and (3) a good correlation 
of his results with the clinical response. 12 
Only through close cooperation and ex- 
change of information between the labo- 
ratory staff and the clinician can the best 
possible management of an infectious 
process be achieved. 

"The principal methods presently used 



by the laboratory to determine suscepti- 
bility of a microorganism to an antibiotic 
include the dilution tests, such as the 
broth tube and agar plate dilution proce- 
dures, and the agar diffusion test, utilizing 
antibiotic-impregnated discs. Each method 
has its advantages and its limitations, and 
these must be understood and appreciated 
in order to obtain maximum usefulness of 
the results. Since there is a place for all 
of these methods in the clinical laborato- 
ry, the procedures and directions for the 
use of each will be described in detail. 

In the interpretation of any in vitro sus- 
ceptibility tests, it is well to remember that 
they are essentially artificial measure- 
ments; the data yielded by them give only 
the approximate range of effective inhibi- 
tory action against the microorganisms. 
The only absolute criterion of microbial 
response to antibiotics is the clinical re- 
sponse of the patient when adequate dos- 
age of the appropriate antibiotic is admin- 
istered. 

BROTH TUBE DILUTION METHOD FOR 
DETERMINING SUSCEPTIBILITY TO 
ANTIBIOTICS 

In the broth tube dilution method for 
determining the susceptibility of an organ- 
ism to antibiotics, specific amounts of the 
antibiotic, prepared in decreasing concen- 
tration in broth by the serial dilution tech- 
nique, are inoculated with a culture of the 
bacterium to be tested. The susceptibility 
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of the organisms is determined, after a 
suitable period of incubation, by micro- 
scopic observation of the presence or ab- 
sence of growth in the varying concentra- 
tions of the antimicrobial agent. This bac- 
teriostatic end-point value is known as 
the minimal inhibitory concentration 
(MIC). With minor additions, the tech- 
nique can be adapted to the determination 
of bactericidal levels of the antibiotic — the 
minimal bactericidal concentration (MBC) ; 
this is discussed at length in a further 
section. 

A number of factors must be considered 
in establishing the procedures and in eval- 
uating the results of these tests. 8 They in- 
clude the following: (1) the medium in 
which the tests are performed, (2) the sta- 
bility of the antibiotic, (3) the size of the 
inoculum, (4) the rate of growth of the or- 
ganism, and (5) the period of incubation 
of the tests. Any variation in one or more 
of these factors may influence the tests, 
and the results obtained by one procedure 
may not agree with those arrived at by a 
slightly different method. 5 However, if a 
standard procedure using only pure cul- 
tures is adopted and strictly adhered to, 
reproducible results can usually be ob- 
tained and the reports from a given labo- 
ratory can be readily interpreted by the 
clinical staff. 

The test tube serial dilution method 
gives a fairly accurate determination of 
susceptibility to measured amounts (either 
units or micrograms) of the antibiotic. It 
is a time-consuming and expensive proce- 
dure, however, especially when the clini- 
cian wants to know the susceptibility of an 
organism to a number of antibiotics. For 
this reason its use may well be restricted 
to special cases when quantitative results 
may be of value. In any event, it is strong- 
ly recommended that all clinical labora- 
tories should be prepared to offer this ser- 
vice to the clinician, either directly or 
through a referral laboratory. 

The serial dilution method may be rec- 
ommended for determining the suscepti- 
bility of organisms isolated in the follow- 
ing instances: (I) from blood cultures, (2) 



from patients who fail to respond to ap- 
parently adequate therapy, and (3) from 
patients who relapse while undergoing 
such therapy. The study of organisms 
from the third instance usually involves 
determination of any increase in resis- 
tance of subsequent isolations and re- 
quires special methods. 

Routine procedure for serial dilution tests 

Preparation of stock solution of antibiotics 

Stock solutions of antibiotics are 
prepared from concentrated, dehydrated 
sterile material of known potency that 
may be obtained from the /pharmaceutical 
manufacturer. Generally, they are 
prepared in concentrations of 1,000 Mg./ 
ml., using phosphate buffer or Mueller- 
Hinton broth as the diluent and are tubed 
in 1-ml. amounts in screw-capped vials. 

When stored in the frozen state at -20° 
C, these antibiotics will remain stable for 
at least 8 weeks*; when refrigerated at 
5° C, they show no appreciable loss of po- 
tency in 1 week. Any unused thawed solu- 
tions of antibiotics should be discarded; 
each aliquot should be sufficient for 1 
day's use only and should not be refrozen. 

Table 34-1 is provided as a guide to the 
preparation of stock solutions of the most 
frequently used antimicrobial agents. 

Selection of media 

The fluid media in which the tube dilu- 
tion sensitivity tests are carried out must 
be the kind that will support optimal, 
rapid growth of the test organism in pure 
culture. A broth medium that will support 
the growth of pneumococci and strepto- 
cocci without the addition of serum or 
blood is preferable, since the addition of 
such enrichment adds another variable to 
the test and may influence the results. 
Trypticase soy broth, or preferably 
Mueller-Hinton brotht is recommended 
for sensitivity tests with the following ex- 

*AmpiciIlin requires storage at -60° to -70° C. to pre- 
vent loss of potency. 

tThis medium appears to be low in tetracycline and 
sulfonamide inhibitors and shows good batch-to- 
batch consistency. 
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Table 34-1. Procedures for preparing stock solutions* 

ANTIBIOTIC MANUFACTURER 



METHOD OF PREPARATION 




Ampicillin 



Penicillin G 



Methicillin 



Oxacillin 
Cephalothin 



Cephaloridine 
Carbenicillin 
Tetracycline 
Chloramphenicol 

Erythromycin 

Lincomycin 
Clindamycin 

Kanamycin 

Gentamicin 

Polymyxin B 

Colistin 
(polymyxin E) 

Bacitracin 

Nitrofurantoin 

Nalidixic acid 



Bristol-Myers Co. 



Eli Lilly & Co. 



Bristol-Myers Co. 



Bristol-Myers Co. 
Eli Lilly & Co. 



Eli Lilly & Co. 

Beecham-Massengill 

Pharmaceuticals 
Pfizer Lab. 

Parke, Davis & Co. 



Abbott Laboratories 

The Upjohn Co. 
The Upjohn Co. 

Bristol-Myers Co. 

Schering Corp. 

Burroughs Wellcome & Co. 
Warner-Chilcott Lab. 

The Upjohn Co. 
Eaton Labs., Inc. 

Winthrop Labs. 



Weigh out material and multiply by "activity standard" 
provided by manufacturer, f Add 0.1 ml. of pH 8.0 
phosphate buffer to dissolve; dilute with pH 6.0 
phosphate buffer. 

Add 60 ml. of water to a vial containing 1 million units 
or 600,000 /xg.; this makes a stock solution of 10,000 
/ag./ml. 

Weigh out material and multiply by "activity standard" 
from manufacturer f; dilute with pH 6.0 phosphate 
buffer. 

. Add 16 ml. of water to a vial to give 1,000 /ng./ml. 

Weigh out material and multiply by the "activity stan- 
dard," from the manufacturer!; dilute with pH 6.0 
phosphate buffer. 

Weigh out exactly 30 mg., add 30 ml. of pH6.0 phos- 
phate buffer to give 1,000 /ug./ml. 

Add 10 ml. of water to a vial containing 1 gm. of drug, 
then dilute 1:100 to give 1,000 Mg/ml. 

Add 20 ml. of water to a vial that contains 20 mg. of 
drug, to give 1,000 jig./ml. 

Weigh out exactly 50 mg., add 1 ml. of ethyl alcohol to 
dissolve drug and sufficient water to 50 ml. This gives 
a concentration of 1,000 /utg./ml. 

Weigh out material and multiply by the "activity stan- 
dard" from the manufacturer, t Dissolve in 1-2 ml. 
alcohol and add water to a final concentration of 
1,000 Mg /ml. 

Add 20 mi. water to a vial to make 1,000 pgfml. 

Add 15 ml. of water to vial containing 150 mg. of drug, 
dilute 1:10 to give 1,000 /xg./ml. 

Weigh out exactly 30 mg., add 30 ml. water to give 
1,000 Mg /ml. Agent is unstable in acid range. 

Weigh out material and multiply by "activity standard" 
from manufacturer, f dilute with water to give 1,000 
1,000 Aig./ml. 

Add 5 ml. water to a vial containing 50 /xg-, to give 

10,000 /ig./ml.; dilute to desired concentration. 
Weigh out material and multiply by "activity standard" 

from manufacturer, \ dilute with water to desired 

concentration. 
Add 10 ml. of water to a vial containing 10,000 units, 

to give 1.000 units/ml. 
Weigh out 120 mg. of drug and transfer to a 50-ml. 

flask containing 4.0 ml. of dimethyl formamide. Heat 

in 56° C. water bath with shaking to dissolve. This 

solution contains 30 mg./ml. 
Weigh out approx. 30 mg., add 2 ml. of 1 N NaOH and 

allow to stand to dissolve (may require gentle heat). 

Dilute with sterile water (less 2 ml.) to desired 

concentration. 



'Courtesy of John A. Washington U, Head, Section of Clinical Microbiology. Mayo Clinic. 

+ Example: 1 mg. = 825 Mg. ("activity standard ",Vg.)- 50 mg. = 50 x 825 = 41.250 Mg- Therefore, add 41.2 ml. of diluent to 
give 1,000 Mg./ml. 
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ceptions: microaerophilic streptococci, 
which are frequently isolated from cases 
of subacute bacterial endocarditis, strictly 
anaerobic streptocci, Bacteroides species, 
and Clostridia should be tested in fluid 
thioglycollate medium enriched with 
hemin and vitamin K.; some strains may 
require additional enrichments to support 
good growth. In the case of all fastidious 
organisms the growth requirements 
should be determined before sensitivity 
tests are carried out, in order that the fluid 
medium supporting the most luxuriant 
and rapid growth may be selected for the 
procedure. Hemoglobinophilic organisms, 
such as Haemophilus species, must neces- 
sarily be tested in Mueller-Hinton broth 
containing 1% rabbit blood. The blood 
may be added to the broth before it is dis- 
tributed into the test tubes, or it may be 
added with the inoculum. 

Procedure for preparing serial dilutions 
and determining susceptibility 

1. Thaw the frozen stock solution of the 
antibiotic(s) required and dilute 1:5 
with sterile Mueller-Hinton broth. 
This gives a working solution con- 
taining 200 ug. or units each. For ba- 
citracin a concentration of 100 units 
per ml. may be used. 

2. Select 10 clear, sterile, cotton- 



plugged or capped test tubes of small 
size (13 x 100 mm.) and mark from 
1 to 10. 

3. Using aseptic technique, pipette 0.5 
ml. of dilution broth into tubes 2 
through 10. Do this for each antibiot- 
ic to be tested. 

4. Add 0.5 ml. of the working solution 
(200 Mg./ml.) of the antibiotic into 
tubes 1 and 2. Mix contents of the 
second tube well and transfer 0.5 ml. 
to tube 3. Mix well and transfer 0.5 
ml. to tube 4, continuing this proce- 
dure to tube 9. Discard 0.5 ml. from 
tube 9; the tenth tube receives no an- 
tibiotic and serves as the control. Use 
a separate pipet for each transfer to 
avoid any carry-over. 

5. To all tubes add 0.5 ml. of an inocu- 
lum containing approximately 10 5 to 
10 6 organisms per milliliter. This 
may may be prepared in most in- 
stances by making a 1:1,000 dilution 
in broth of an overnight (6-hour if a 
rapidly growing organism) broth cul- 
ture of the organism to be tested. 
With slow-growing organisms, such 
as microaerophilic streptococci, Bac~ 
teroides, and so forth, it may be nec- 
essary to use cultures in thioglycol- 
late medium up to 48 hours old. If 
numerous antibiotics are to be tested, 



Table 34-2. Antibiotic serial dilution — tube setup 





DILUENT 




Dt LUTED 


FINAL ANTIBIOTIC 


CONCENTRATION 




(medium) 




CULTU RE 


ALL BUT 






ADDED 


ANTIBIOTIC 


ADDED 


BACITRACIN 


BACITRACIN 


TUBE 


(ML.) 


ADDED 


(ML.) 


(UNITS OR fJLQ.) 


(UNITS) 


1 


None 


0.5 ml. working solution 


0.5 


100 


50 


2 


0.5 


0.5 ml. working solution 


0.5 


50 


25 


3 


0.5 


0.5 ml. from tube 2 


0.5 


25 


12.5 


4 


0.5 


0.5 ml. from tube 3 


0.5 


12.5 


6.25 


5 


0.5 


0.5 ml. from tube 4 


0.5 


6.25 


3.125 


6 


0.5 


0.5 ml. from tube 5 


0.5 


3.125 


1.56 


7 


0.5 


0.5 ml. from tube 6 


0.5 


1.56 


0.7S 


8 


0.5 


0 5 ml. from tube 7 


0.5 


0.78 


0.39 


9 


0.5 


0.5 ml. from tube 8* 


0.5 


0.39 


0.19 


10 


0.5 


None 


0.5 


Zero 


Zero 



'Discard 0.5 mi. from rube 9. 
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prepare sufficient inoculum in a flask, 
for uniformity. 

The final volume in each tube is 
now 1 ml., and the antibiotic range 
covered in the series is from 100 >ug. 
or units to 0.39 Mg. or unit per milli- 
liter, in twofold steps (Table 34-2). 

For organisms highly susceptible 
to antibiotics, such as streptococci 
and pneumococci, a lower range of 
antibiotic dilutions may be employed 
by further diluting the working solu- 
tion (200 ug. or units per milliliter) 
1:10. Then, by the serial twofold di- 
lution technique shown in Table 
34-2, the final concentrations will be 
10, 5, 2.5, 1.25, 0.63, 0.3, 0.15, 0.08 
and 0.04 u%. or units per milliliter. 
Incubate the series at 36° C. and ex- 
amine macroscopically for evidence 
of growth. Incubate the tubes only as 
long as it is necessary for the control 
tube to show turbid growth; usually 
12 to 18 hours is the optimal time. 
The last tube, that is, the lowest con- 
centration of the antibiotic in the 
series showing no growth, is taken 
as the MIC of the antibiotic and is 
expressed as micrograms (or units) 
per milliliter. It is well to remember 
that in the serial dilution technique 
there is a possible error equivalent to 
one tube dilution, so that the MIC 
values are not necessarily actual val- 
ues but are near true values. 

To determine the MBC, pipette 0.5 
ml. of each tube of the tube dilution 
set that shows no visible turbidity 
into 12 ml. of infusion agar, mix, and 
make a pour plate. Having obtained 
a colony count of the initial inocu- 
lum by making a pour plate of the 
1:1,000 dilution when setting up the 
test, one may then calculate the 
lowest concentration of the antimi- 
crobial that provided a 99.9% and 
100% bactericidal activity, by com- 
paring colony counts, after an appro- 
priate incubation period of 48 to 72 
hours. 



AGAR PLATE DILUTION METHOD FOR 
DETERMINING SUSCEPTIBILITY TO 
ANTIBIOTICS 

The agar plate dilution method 1 is simi- s 
lar in principle to the tube dilution meth- 
od, except that a solid medium is used. 
Mueller-Hinton agar is recommended and 
is prepared in 100-ml. amounts. Some 
workers incorporate 5% blood or heated 
blood in the medium when using it for or- 
ganisms that require enriched media, such 
as pneumococci, streptococci, and Haemo- 
philus. There appears to be no significant 
inactivation of the antibiotics by the addi- 
tion of the blood. 

Procedure for preparing serial dilutions 

Prepare twofold serial dilutions* of the 
stock antibiotics, as described in the pre- 
vious section, using at least ten times the 
volumes indicated. Stock solutions con- 
taining 1,000 n%. per milliliter are most 
useful, since decimal dilutions are readily 
prepared from these. For example, to 
prepare a 10 Mg. per milliliter plate, add 1 
ml. of the stock to 100 ml. of melted and 
cooled agar and pour plates of the same. 

Preparation of plate dilutions 

Melt and cool sufficient screw-capped 
flasks of agar medium for the number of 
plates to be prepared (about 20 ml. of me- 
dium is required per 90 mm. diameter 
plate) and allow to equilibrate in a water 
bath at 50° before adding the antibiotic. 
Add the required amount of the various 
antibiotic dilutions to each flask, mix gent- 
ly by inversion, and pour into plates. f 
Allow the agar to harden and store in the 
refrigerator at 5° C. until used, preferably 
within 24 hours (and not after 1 week) of 
preparation. % 



*Some workers prefer final dilutions to contain 20, 
10, 5, 1. 0.1, and 0.01 Mg- per milliliter of medium, 
tit is not recommended that the antibiotic dilutions 
and culture medium be mixed directly in the plates; 
this may produce uneven distribution of the antibiot- 
ic in the agar. 

tMedia containing unstable antibiotics, such as am- 
picillin, should be prepared twice weekly. 
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Inoculation of plates 

The inoculum size should be adjusted to 
contain approximately 10 8 organisms per 
milliliter (equivalent to a McFarland 
standard of 1 or 2); this will ensure dense, 
nearly confluent growth on a control plate 
containing no antibiotic. 

Spot inoculation of the plates is made 
with a 1-mm. loop (approximately 0.001 
ml.)/ a capillary pipet, or, preferably, by 
using the inocula replicator of Steers and 
co-workers. 17 In this device, each single 
manipulation will release thirty-six dif- 
ferent cultures from the prongs on a repli- 
cator head to the surface of a 100x15 mm. 
square plastic plate (Falcon) containing 
agar to a depth of 3.0 mm. Each prong will 
deliver about 0.001 ml.; thirty-six inocula- 
tions can thus be made simultaneously. 

In using the Steers replicating device, it 
is recommended that one space on each 
plate be allocated to a marking solution 
(for proper orientation of the plate), one 
space for testing the viability of the test 
strain, and two spaces for controls — 
strains of gram-positive cocci and gram- 
negative bacilli of known stable MIC's to 
the antibiotics used. Thus, 32 spaces will 
then be available per plate for the testing 
of clinical isolates. 

Organisms having a spreading ten- 
dency, such as Proteus and Pseudomonas, 
may be contained by the use of glass cyl- 
inders,* as suggested by Washington. 21 

Incubation and reading of tests 

Incubate the plates at 36° C. for 16 to 
18 hours and examine for the presence of 
growth. The lowest concentration of the 
antibiotic producing complete inhibition 
of growtht is taken as the end point. Par- 
tial inhibition can be observed readily by 
noting the gradual decrease in amount of 
growth until complete inhibition is ob- 



*12 x 12 mm. Raschig rings, Scientific Glass Ap- 
paratus Co., Bloomfield, N. J, 

tA very fine growth or a few visible colonies also 
may occur when the Steers replicator is used; this 
may be disregarded in the reading of the test. 



tained. The control cultures on antibiot- 
ic-free media should show confluent 
growth. 

STANDARDIZED DISC-AGAR DIFFUSION 
METHOD FOR DETERMINING 
SUSCEPTIBILITY TO ANTIBIOTICS 

Perhaps the most useful, and certainly 
the most used, laboratory test for antibiot- 
ic susceptibility is the antibiotic disc-agar 
diffusion procedure, usually called the disc 
method. Its simplicity, speed of perform- 
ance, economy, and reproducibility (under 
standardized conditions) makes it ideally 
suitable for the busy diagnostic laboratory 
when the more laborious dilution methods 
previously described may not be practiced. 

In this method, as originally described 
by Bondi and associates, 4 filter paper discs 
that have been impregnated with various 
antimicrobial agents of specific concentra- 
tions are carefully placed on an agar cul- 
ture plate that has been inoculated with a 
culture of the bacterium to be tested. The 
plate is incubated overnight and observed 
the following morning for a zone of 
growth inhibition around the disc con- 
taining the agent to which the organism 
is susceptible, whereas a resistant organ- 
ism will grow up to (and under) the pe- 
riphery of the disc. 

No attempt will be made here to discuss 
the complex physicochemical reactions 
that take place during the diffusion of the 
antibiotic into the agar gel or the dynam- 
ics of bacterial growth on the substrate — 
the reader is referred to publications by 
Ericson 6 7 for details concerning these. 

In recent years numerous attempts have 
been made to standardize the disc proce- 
dure, including the work of Bauer, Kirby, 
and co-workers, 3 Ericcson, 7 the World 
Health Organization (WHO), the Food 
and Drug Administration, 9 and most re- 
cently, the National Committee for Clini- 
cal Laboratory Standards (NCCLS). Be- 
cause the revised Tentative Standards 14 
recommended by the Subcommittee on 
Antimicrobial Susceptibility Testing of the 
NCCLS appears to be the most explicit in 
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methodology, these recommendations are 
the ones that will be presented herein. 

Numerous proficiency testing surveys, 
including a recent nationwide laboratory 
evaluation by the Center for Disease Con- 
trol (CDC) 11 of the disc procedure have re- 
vealed that (1) the procedure as practiced 
is not standardized and (2) there are nu- 
merous variables that may contribute to 
these discrepancies. Among those which 
have been identified are the following: 

1. Selection and concentration of anti- 
microbial discs 

2. Selection, volume, and age of plating 
medium 

3. Storage and handling of discs 

4. Methodology of testing 

5. Criteria used for interpreting results 

Selection of antimicrobial discs 

The following basic set of drugs* and 
their concentrations are recommended for 
routine susceptibility testing: 



Ampicillin 

Bacitracin 

Carbenicilliri 

Cephaloridine 

Cep halo thin 

Chloramphenicol 

Clindamycin 

Colistin (Polymyxin E) 

Doxycycline 

Erythromycin 

Gentamicin 

Kanamycin 

Lincomycin 

Methicillin 

Nafciliin and oxacillin 

Nalidixic acid 

Neomycin 

Nitrofurantoin 

Penicillin G 

Polymyxin B 

Streptomycin 

Sulfonamides 

Tetracycline 

Vancomycin 



10 MS- 

10 u. 

100 ng. 
30 m&. 
30 fi%. 
30 /xg. 

10 Mg- 

30 /xg- 

15 Mg. 

10 ^g. 

30 Mg- 
2 Mg> 
5 Mg- 
1 MS- 

30 M g. 

30 /xg- 
300 /xg. 

10 U. 
300 U. 

10 /xg. 
300 Mg- 

30 /xg- 

30 xtg. 



A basic set of discs for routine testing 
against the commonly isolated microor- 
ganisms is listed on p. 322. 



*AvailabIe from Baltimore Biological Laboratory, 
Cockeysviile, Md.; Difco Laboratories, Detroit; 
Pfizer Diagnostics, Flushing, N. Y.; and others. 



Selection of plating medium 

Although an ideal medium has not yet 
been perfected for the disc test, the 
NCCLS Subcommittee considers Mueller- 
Hinton agar the best compromise for rou- 
tine susceptibility testing, since it shows 
good batch-to-batch uniformity and is low 
in tetracycline and sulfonamide inhibitors. 
With the addition of 5% defibrinated 
sheep, horse, or other animal blood, it will 
support the growth of the more fastidious 
pathogens that will not grow on the non- 
enriched medium. When required, the 
blood-containing medium may be "choco- 
latized," for testing Haemophilus species. 

Mueller-Hinton agar* is prepared ac- 
cording to the manufacturer's directions 
and should be immediately cooled in a 50° 
C. water bath after removal from the auto- 
clave. This is then poured into sterile 
dishes (on a level, horizontal surface) to 
a uniform depth of 4 mm.; this is equiva- 
lent to approximately 60 ml. in a 140-mm. 
(internal diameter) plate, or approximately 
25 ml. for 90-mm. plates. After cooling at 
room temperature, the plates may be used 
the same day, or stored in the refrigerator 
at 2° to 8° C. for not more than 7 days, 
unless some method of minimizing water 
loss from evaporation is taken. t As a ste- 
rility control, several plates from each 
batch of blood-containing Mueller-Hinton 
agar should be incubated at 36° C. for 24 
hours or longer but not used subsequent- 

Each batch of Mueller-Hinton agar 
should be checked for pH when prepared ; 
it should be pH 7.2 to 7.4 at room temper- 
ature. This may be tested by macerating 
a small amount of the medium in a little 
distilled water, or by allowing a little of 
the medium in a small beaker to gel 
around the pH meter electrode,* and read- 
ing the pH, 



♦Available from Baltimore Biological Laboratory, 
Cockeysviile, Md.; Difco Laboratories. Detroit; and 
others. 

tSuch as wrapping in polystyrene plastic, 
tff available, a surface electrode is desirable. 
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Just before the medium is used, the 
plates should be placed in a 36° C. incuba- 
tor with lids partly ajar, until excess sur- 
face moisture has evaporated — usually re- 
quiring 10 minutes. 

Storage and handling of discs 

Antibiotic susceptibility test discs are 
generally supplied in separate containers 
with a desiccant* and should be kept 
under refrigeration (below 10° C). Discs 
containing the penicillins (including ampi- 
cillin and carbenicillin) and cephalosporin 
drugs should always be kept frozen (at 
less than -14° C.) to maintain their po- 
tency; a small working supply may be re- 
frigerated for up to 1 week. For long-term 
storage, discs are best kept in the frozen 
state until needed. 

As they are required, the unopened 
containers are removed from the refriger- 
ator or freezer 1 or 2 hours before the 
discs are to be used and allowed to adjust 
to room temperature, in order to minimize 
condensation resulting from warm air 
reaching the cold containers. If disc 
dispensers are utilized, they should be 
equipped with tight covers and supplied 
with a satisfactory desiccant; when not in 
use, they should also be refrigerated. 

Manufacturer's expiration dates should 
be noted and listed; discs must be discard- 
ed on their expiration date. 

Preparation of inoculum 

It has been shown by various workers 
that when certified antibiotic discs and a 
single standard culture medium are used, 
the greatest factor contributing to repro- 
ducibility of the disc test is the control of 
the inoculum size. 

The currently recommended method of 
preparing a standardized inoculum is as 
follows: 

1. With a wire loop, the tops of four or 
five isolated colonies of a similar 
morphological type are transferred to 



a tube containing 4 to 5 ml. of soy* 
bean-casein digest broth.* 

2. The broth is incubated at 36° C. until 
its turbidity exceeds that of the 
standard (described in step 3). This 
usually requires 2 to 5 hours' incuba- 
tion. 

3. The turbidity is then adjusted to a 
barium sulfate standard that is 
prepared by adding 0.5 ml. of 1.175% 
w/v barium chloride hydrate (Ba 
Cl.,'2 H.,0) to 99.5 ml. of 1% v/v 
(0.36N) sulfuric acid. The standard is 
distributed in screw-capped tubes of 
the same size as the ones used in the 
broth culture, approximately 4 to 6 
ml. per tube, which are then tightly 
sealed and stored at room tempera- 
ture in the dark. Fresh standards must 
be prepared at least once every 6 
months, although a recent publica- 
tion suggests that the solution re- 
mains stable for a much longer period 
when heat-sealed and stored in the 
dark. 22 

4. The barium sulfate standard must be 
vigorously agitated in a Vortex 
shaker just before use, and the tur- 
bidity of the broth culture is then ad- 
justed visually be adding sterile sa- 
line or broth, using an adequate light 
and comparing the tubes against a 
white background with a contrasting 
black line. 

Inoculation of the test plates 

Within 15 minutes of adjusting the den- 
sity of the inoculum, a sterile cotton swab 
on a wooden applicator stick (plastic sticks 
are not satisfactory) is dipped into the 
standardized bacterial suspension and the 
excess fluid is removed by pressing 
against the inside of the tube above the 
fluid level. The swab is then used to streak 
the dried surface of a Mueller-Hinton 
plate in several planes (by rotating the 
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* Humidity, particularly high humidity, heat, and 
contamination are important deteriorating factors. 10 



*Trypticase soy broth, Baltimore Biological Laborato- 
ry, CockeysviJIe, Md.; tryptic soy broth, Difco Lab- 
oratories, Detroit; and others. 
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plate approximately 60° each time) to en- 
sure an even distribution of the inoculum. 

Allow the inoculated plates to remain 
on a flat and level surface undisturbed for 
3 to 5 minutes to allow for adsorption of 
excess moisture, then apply the discs, as 
described in the following section. 

Placement of discs 

With alcohol-flamed, fine-pointed for- 
ceps (cooled before using) or a disc 
dispenser,* the selected discs are placed 
on the inoculated plate and pressed firmly 
into the agar with a sterile forceps or nee- 
dle, to ensure complete contact with the 
agar. The discs are distributed evenly in 
such a manner as to be no closer than 15 
mm. from the edge of the petri dish and 
so that no two discs are closer than 24 
mm. from center to center. Once a disc 
has been placed, it should not be moved, 
since some diffusion of the antibiotic 
occurs almost instantaneously. 

An alternative method, using an agar 
overlay, has been described by Barry and 
colleagues. 2 This method is useful only for 
rapidly-growing organisms such as Staph- 
ylococcus aureus, the enteric bacilli, and 
Pseudomonas aeruginosa, and must be 
standardized to correspond with results 
obtained by the cotton swab-streak meth- 
od already described. 

The inoculated and disced plates are in- 
verted and placed in the 36° C. incubator 
within 15 minutes after application of the 
discs. Incubation under increased CO z 
tension should not be practiced, since the 
interpretative zone sizes were developed 
under aerobic conditions; furthermore, 
C0 2 incubation may significantly alter the 
zone sizes. 

Table 34-3 is presented as a practical 
guide in the selection of discs for routine 
susceptibility testing of facultative organ- 
isms isolated in clinical practice. Although 



not identical to that recommended by the 
NCCLS, 14 it has proved of value to clini- 
cians at the Wilmington Medical Center, 
and has served as an aid in reducing the 
misuse or overuse of antibiotic agents in 
a large medical complex. 

Reading of results 

After incubation the relative suscepti- 
bility of the organism to the antibiotic is 
demonstrated by a clear zone of growth 
inhibition around the disc. This is the re- 
sult of two processes: (l) diffusion of the 
antibiotic and (2) growth of the bacteria. 
As the antibiotic diffuses through the agar 
medium from the edge of the disc, its con- 
centration progressively diminishes to a 
point where it is no longer inhibitory for 
the organism, which then grows freely. 
The size of this area of suppressed 
growth, the zone of inhibition, is deter- 
mined by the concentration of the antibi- 
otic present in the area. Therefore, within 
the limitations of the test, the diameter of 
the inhibition zone denotes the relative 
susceptibility to a particular antibiotic. 

After 16 to 18 hours' incubation,* each 
plate is examined and the diameters of the 
complete inhibition zones are noted and 
measured, using reflected light and sliding 
calipers, a ruler, or a template prepared for 
this purpose and held on the bottom of 
the plate. The end point, measured to the 
nearest millimeter, should be taken as the 
area showing no visible growth that could 
be detected with the unaided eye. Faint 
growth or tiny colonies near the edge of 
the inhibition zones are ignored, as is the 
veil of swarming occurring in the inhibi- 
tion zones of some strains of Proteus spe- 
cies. With sulfonamides, slight growth 
(with 80% or more of inhibition) is disre- 
garded, and the margin of heavy growth 
is measured to determine the zone diame- 
ter. 

Large colonies growing in an inhibition 



""Dispensers for both the 90-mm. and 140-mm. Petri 
plates are available from Baltimore Biological Labora- 
tory, Cockeysville, Md.; Difco Laboratories, Detroit; 
Pfizer Diagnostics, Flushing, N. Y.; and others. 



^Microbial growth should be almost or just con- 
fluent; if only isolated colonies are present, the inoc- 
ulum was too light and the test must be repeated. 
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Table 34-4. Zone size interpretative chart, Kirby-Bauer method* 



ANTIBIOTIC OR CHEMOTHERAPEUT1C 
AGENT 


DISC 
POTENCY 


INHIBITION ZONE DIAMETER TO 




RESISTANT 


INTERMEDIATE 


SENSITIVE 


A mniri II i n * 










Enterobacteriaceae and enterococci 


10 /Xg. 


11 or less 


12-13 


14 or more 


Staphylococci 




20 or less 


21-28 


29 or more 


hiaemotihilus 




19 or less 


— 


20 or more 


flari tracin 

□ aV> 1 11 A\m 11 I 


10 U. 


8 or less 


9-12 


13 or more 


f arhpniHliin 


100 ue 








Pseudomortiis sd 




13 or less 


14-16 


17 or more 


Proteus and Escherichia coli 




17 or less 


18-22 


23 or more 


Cpn-halnridine 


30 ue 


14 or less 


15-17 


18 or more 


Cephalothin 


30 ^tg. 


14 or less 


15-17 


18 or more 


f* hlnramnhpn icol 

V- 11HJ1 111111/ * ll^Ul 


30 ii2 


12 or less 


13-17 


18 or more 


C 1 i n d a m vci n - 

Will lUUiny viii 




14 or less 


15-16 


17 or more 


Colistin (polymyxin E) :| 


10 ug. 


8 or less 


9-10 


11 or more 


Doxycycline 


30 /xg- 


12 or less 


13-15 


16 or more 


F rvth rnm vci n 


15 UK 


13 or less 


14-17 


18 or more 






12 or less 


— 


u or mure 


ivaiicii 1 1 y in • 




13 or less 


14-17 


Ifi nr mnre 


I inrornvrin 

i— iiiv.iw/iiiy\»iii 


2 LLP 


9 or less 


10-14 


1*5 or more 


Methiciilin 4 


5 Mg- 


9 or less 


10-13 


14 or more 


Nafcillin and oxacillin 


1 Mg- 


10 or less 


11-12 


13 or more 


Nalidixic acid' 1 


30 /xg. 


13 or less 


14-18 


19 or more 


Neomycin 


30 M g. 


12 or less 


13-16 


17 or more 


Nitrofurantoin* 


300 /xg- 


14 or less 


15-16 


17 or more 


Penicillin G 










Staphylococci 


10 U. 


20 or less 


21-28 


29 or more 


Other organisms" 


10 IL 


11 or less 


12-21 ,{ 


22 or more 


Polymyxin B 1 


300 U. 


8 or less 


9-11 


12 or more 


Rifampin (when testing Neisseria 










meningitis susceptibility only) 


5 P-S 


24 or less 




25 or more 


Streptomycin 


10 Atg. 


11 or less 


12-14 j 


15 or more 


Sulfonamides 5 * 7 


300 Mg- 


12 or less 


13-16 


17 or more 


Tetracycline" 


30 /ig. 


14 or less 


15-18 


19 or more 


Trimethoprim / sulfamethoxazole 




10 or less 


■ 11-15 


16 or more 


Vancomycin 


30 pLg. 


9 or less 


10-11 


12 or more 



'Courtesy Alfred W. Bauer, Croup Medical Center. Seattle, Wash., and John C Sherris and W. Lawrence Drew. University 
Hospital, Seattle, Wash. See also reference 3 at end of chapter. Updated and modified by other investigators. See references 
9 and 14. 

'The ampicillin disc is used for testing susceptibility to both ampicillin and hetacillin. 
-The clindamycin disc is used for testing susceptibility to both clindamycin and lincomycin. 

'The polymyxins diffuse poorly in agar, and the accuracy of the diffusion method is less than with other antibiotics. Resistance 
is always significant but some relatively resistant strains of Klebsiella and Enterobacter may give zones in the lower end of the 
sensitive range (up to 15 mm.). When treatment of systemic infections due to susceptible strains is considered, it is wise to 
confirm the results of a diffusion test with a dilution method. 

4 The methiciilin disc is used for testing susceptibility to all penicillin- resistant penicillins: methictllin, cloxacillin, dicloxa- 
cillin, oxacillin, and nafcillin. Methiciilin-resistant strains of Staphylococcus aureus are best detected at 30°C. 
*' Urinary tract infections only 

"This category includes some organisms, such as enterococci and gram-negative bacilli, that may cause systemic infections 
treatable by high doses of penicillin C. 

r Any of the commercially available 300 or 250 pig. sulfonamide discs can be used with the same standards of zone 
interpretation. 

"The tetracycline disc is used for testing susceptibility to all the tetracyclines: chlortetracycline, demeclocydine, doxycycline, 
methacycline, oxy tetracycline, roll tetracycline, minocycline, and tetracycline. 
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zone may actually be a different bacterial 
species (a mixed, rather than a pure, cul- 
ture) and should be subcultured, reidenti- 
fied, and retested. 

Interpretation of zone sizes 

The diameters of the inhibition zones 
are then interpreted by referring to Table 
34-4, which represents the NCCLS sub- 
committee's present recommendations. 

The term "susceptible" implies that an 
infection caused by the strain tested may 
be expected to respond favorably to the in- 
dicated antimicrobial for that type of infec- 
tion and pathogen. "Resistant" strains, on 
the other hand, are not inhibited com- 
pletely by therapeutic concentrations. "In- 
termediate" implies that the isolant may 
respond to unusually high concentrations 
of the agent, due either to high dosage 
levels or in areas, such as the urinary 
tract, where the drug is concentrated. In 
other circumstances, intermediate results 
might warrant further testing if alternative 
agents are not available. 

Limitations of the test 

This modified Bauer-Kirby procedure 
has been standardized for testing rapidly 
growing isolants, particularly members of 
the Enterobacteriaceae, Staph, aureus, and 
Pseudomonas species; limited experience 
also suggests that the interpretative stan- 
dards hold for Haemophilus and strepto- 
cocci, if blood ("chocolatized" if required) 
is added to the Mueller-Hinton agar. 
Streptococcus pyogenes and S. pneumoniae 
are generally susceptible to penicillin G 
and are not routinely tested; however, in 
those patients hypersensitive to penicillin, 
the isolant may be tested against erythro- 
mycin or lincomycin. 

In general, fastidious organisms requir- 
ing an increased C0 2 tension or an an- 
aerobic atmosphere, or whose growth rate 
is unusually slow, do not lend themselves 
to susceptibility testing by the standard- 
ized disc-agar diffusion method; agar plate 
or broth dilution test procedures are rec- 
ommended. Likewise, testing of Neisseria 



gonorrhoeae by the described procedure is 
not recommended. Because of the interest 
recently generated by early reports on re- 
liable susceptibility testing of anaerobes 
using the disc procedure, a subsequent 
section will consider this technique. 

Quality control procedures 

It is essential that some form of quality 
control be carried out in performing the 
disc procedure, to ensure precision and ac- 
curacy of the test results. The NCCLS 
subcommittee recommends that the tests 
be monitored daily with stock cultures of 
the Seattle strains of Staph, aureus (Amer- 
ican Type Culture Collection 25923) and 
Escherichia coli (ATCC 25922), using anti- 
biotic discs representative of those to be 
used in the testing of clinical isolants. 14 
These cultures may be grown on soy-ca- 
sein digest agar slants and stored under 
refrigeration (4° to 8° C). and should be 
subcultured to fresh slants every 2 weeks. 

For testing, the cultures are inoculated 
to soy-casein digest broth tubes, which 
nre incubated overnight and streaked to 
agar plates to obtain isolated colonies; 
these are then picked to broth and tested 
as described in the preceding sections. 

The control strains may be used as long 
as there is no significant change in the 
mean inhibition zone diameters not other- 
wise attributable to technical error. If such 
changes occur, fresh strains should be ob- 
tained from a reference laboratory or 
other reliable source. Individual values of 
zone diameters and their permissible dif- 
ferences are indicated in Table 34-5. 

Table 34-5 represents a more precise 
computation, based on standard statistical 
methods, than previous publications. It is 
described in NCCLS's Revised Tentative 
Standards (May 1973), free copies of 
which may be obtained from the Commit- 
tee.* 

Recently, it has been recommended that 
a well-characterized and confirmed strain 
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^National Committee for Clinical Laboratory Stan- 
dards, Los Angeles, Calif. 
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Table 34-5. Maximum acceptable standard deviations and mean zone diameters that 
should be expected with the E. coli (ATCC 25922) and S. aureus (ATCC 25923)* 



ANTIMICROBIC 



DISC 
CONTENT 



MAXIMUM 
ACCEPTABLE 
STAND. DEV. 



CURRENTLY ACCEPTED TRUE 
MEAN ZONE DIAMETER (MM) 



E. COLI 



S. AUREUS 



Penicillin 

Ampicillin 
Staphylococci 
Enteric bacilli 
and enterococci 

Methicillin 

Nafcillin 
and oxacillin 

Cephalothin 

Cephaloridine 

Carbenicillin 

Pseudomonas sp. 

Proteus and E. coli 
Chloramphenicol 
Tetracycline 

Erythromycin 

Lincomycin 

Clindamycin 

Kanamycin 
Neomycin 
Streptomycin 
Gen tarn icin 

Sulfonamides 
Nitrofurantoin 
Nalidixic acid 

Polymyxin B 
Vancomycin 



10 units 
10 ttg. 



5 ^xg. 



1 Mg- 

30 tig- 
30 /xg. 
50 xig. 



30 /xg- 
30 /xg. 

15 ^g- 

2 ftg. 

30 xxg. 
30 Mg- 
10 ttg. 
10 xxg. 

300 tig. 
300 txg. 
30 /xg. 

300 units 
30 /xg. 



2.9 

2.9 
1.3 

1.6 

1.3 

1.3 
1.6 

1.3 
1.6 
1.9 
1.6 

1.6 
1.9 
1.6 

1.6 
1.6 
1.3 
1.3 

1.6 
1.6 
1.9 

1.3 
1.3 



t 

17.5 



20.5 



24.0 
21.5 

11.0 
t 
f 

21.0 
20.0 
16.0 
22.5 



14.0 
f 



31.5 

29.5 
t 

19.5 



31.0 
t 

t 
t 

22.5 
23.5 

26.0 



22.5 
22.0 
18.0 
23.0 

t 
f 
\ 

t 

17.0 



* NCCLS Subcommittee on Antimicrobial Susceptibility Testing: Performance standards for antimicrobial disc suscepti- 
bility tests as used in clinical laboratories, revised tentative standards, May 1973. In Batows, A., editor: Current techniques 
for antibiotic susceptibility testing, Springfield, 111., 1974, Charles C Thomas, Publisher. 
fData not relevant; -data not yet established. 



of Pseudomonas aeruginosa be added to 
the quality control system. 11 Apparently, 
some lots of Mueller-Hinton agar may 
contain increased concentrations of Ca ++ 
and Mg"^ + . Since Staph, aureus and E. coli 
are not effected by these ions, they will 
demonstrate no changes in zone sizes, but 
growth of Ps. aeruginosa is enhanced and 
will therefore demonstrate smaller zones. 
Thus, the effect of increased concentra- 
tions of these cations would influence the 
interpretation of susceptibility and should 
be predetermined. 



Susceptibility testing of anaerobes 

With the diverse spectrum of activity of 
various antimicrobial agents against clini- 
cally significant anaerobes, it is clearly ap- 
parent that a simple, rapid, reliable test for 
their susceptibility is in demand. Attempts 
to adapt the Bauer-Kirby disc-agar diffu- 
sion technique for predicting sensitivity of 
anaerobes has been found to be generally 
unsatisfactory, 19 but a number of workers 
in the field of anaerobic bacteriology are 
attempting to correlate the zone diameters 
obtained by the disc test, with the MIC's 
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obtained by either broth or agar dilution 
techniques, with varying degrees of suc- 
cess. Chief among these has been the 
work of Sutter and colleagues, 18 who have 
obtained a statistically good correlation 
with most of the antibiotics tested against 
a variety of known strains of anaerobes. 
The authors point out, however, that if 
predictions of the antibiotic sensitivity of 
unidentified isolants are to be made by 
the disc-diffusion, procedure, it may be 
necessary to establish separate criteria for 
organisms that have different growth rates 
— slow, moderately rapid, or rapid — since 
this is one of the major variables that af- 
fect zone sizes. 

Therefore, we feel that until a standard- 
ized, reproducible, and clinically correlated 
disc-diffusion technique for predicting an- 
tibiotic susceptibility of significant an- 
aerobes becomes available, the reader is 
best directed to the employment of meth- 
odologies utilizing broth or agar dilution 
procedures. 1314 

As a guide to the microbiologist and cli- 
nician, Table 34-6 from a recent publica- 
tion by Finegold and co-workers* is pre- 
sented. This is based on their correlation 
of in vitro laboratory findings with an 
evaluation of clinical effectiveness. 

Other uses for antibiotic discs 

One unexpected advantage of perform- 
ing disc-sensitivity tests on primary plates 
inoculated with clinical specimens likely to 
contain more than a single pathogenic 
species (such as sputum, throat swabs, or 
urine) is the likelihood of uncovering or- 
ganisms overgrown by other bacterial spe- 
cies. For example, an agar plate inoculated 
with a mixed culture of staphylococci and 
streptococci and "disced" with two dif- 
ferent antibiotics may result in two dis- 
tinct patterns of inhibition zones. One 
zone may show an inhibition of the staph- 
ylococci, whereas colonies of the strepto- 
cocci may be growing within that zone. 



*In Kagan, B. M., editor: Antimicrobial therapy, ed. 
2, Philadelphia. 1973, VV. B. Saunders Co. 
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Around the other disc there may be only 
colonies of staphylococci, the streptococci 
having been inhibited. 

Since antibiotic discs demonstrate dis- 
tinctly different inhibitory capacities, they 
may be used for the sole purpose of selec- 
tively isolating various microorganisms. 
Following Vera's suggestions, 20 it has 
been our practice to place discs containing 
penicillin (10 units), neomycin (30 ^g.), 
and bacitracin (10 units) on all primary 
plates inoculated with a potentially mixed 
flora. The inhibition zones around the 
neomycin discs have been particularly 
useful in exposing colonies of Group A 
beta hemolytic streptococci, pneumococci, 
enterococci, and other streptococci. Hae- 
mophilus influenzae has been isolated with 
ease from within the zones surrounding 
the 10-unit bacitracin disc on blood agar 
plates inoculated with sputum, and from 
material from the throat and naso- 
pharynx. Penicillin discs (10 units) have 
aided in unmasking colonies of coliform 
bacilli, pseudomonads and species of Pro- 
teus, Candida albicans, and others. A 10- 
unit penicillin disc also is useful in reveal- 
ing colonies of Bordetetla pertussis on Bor- 
det-Gengou plates of nasopharyngeal cul- 
tures. Kanamycin discs (30 ug.) have been 
reported to be helpful in separating Bac- 
teroides and Clostridium species from 
other wound bacteria when the plates are 
incubated anaerobically. 20 

DETERMINATION OF ANTIBACTERIAL 
LEVEL OF SERUM DURING ANTIBIOTIC 
THERAPY 

A direct method for determining the an- 
tibacterial potency of serum was first 
described by Schlichter and associ- 
ates. 1516 We have evaluated the Schlichter 
method in many cases of acute infec- 
tions (particularly subacute bacterial en- 
docarditis, staphylococcal septicemia, en- 
terococal endocarditis, and others) and 
can recommend it as a valuable and 
practical guide to the antibiotic therapy 
of severe or complicated bacterial infec- 
tions. 



Technique of Schlichter test* 

1. Subculture a recent isolate of the or- 
ganism to infusion agar or blood 
agar slants and store in the refriger- 
ator until the test is run, then sub- 
culture to a tube of broth early on 
the day of the test. 

2. Obtain the first blood specimen be- 
fore therapy, if possible; this serves 
as a control. Allow a 24-hour period 
to elapse after initiation of therapy 
in order to permit stabilization of 
absorption and excretion rates. 
Then take blood samples at any de- 
sired interval, at the low point of 
the blood concentration curve, if the 
patient is on intermittent dosage. 
Collect 10 ml. of the patient's blood 
in a sterile tube. On receipt in the 
laboratory, the clot is separated and 
the serum is obtained by centrifu- 
gation. The serum is then trans- 
ferred to a sterile, rubber-stoppered 
tube; it may be titrated at that time 
(or within 2 to 3 hours if refriger- 
ated) or frozen immediately in a 
slanting position and stored at -20° 
C, a temperature at which it re- 
mains stable for several days. 

3. Prepare serial twofold dilutions of 
serum in 1 ml. amounts in Mueller- 
Hinton broth,+ using eight sterile, 
gauze-stoppered Kahn tubes (use a 
separate pipet for each dilution). 
The first tube contains only undilut- 
ed serum, and a ninth tube contains 
only broth and serves as a culture 
control. The serum dilutions range 

. from undiluted through 1:128. Very 
sensitive organisms, such as alpha 
hemolytic streptococci, may require 
dilutions up to 1:2,048. 

4. To each tube of the series add 0.05 
ml. of a 1:1,000 dilution of a 6-hour 
broth culture of the organism isolat- 



♦Modtfied by John A. Washington II, Head. Section 
of Clinical Microbiology, Mayo Clinic. 21 
tUse soy-casein digest broth or others, such as 
brain-heart infusion or Levinthal's broth, for organ- 
isms not growing in Mueller-Hinton medium. 



328 Antimicrobial susceptibility tests 



ed from the patient. Also prepare a 
pour plate using 1 ml., of the inocu- 
lum. 

5. Incubate the test at 36° C. for 18 to 
24 hours and examine. The bac- 
teriostatic end point is taken as the 
highest dilution in which no visible 
growth occurs. Because of the in- 
herent turbidity of some sera, it is 
recommended that subcultures be 
made from each tube to a sector of 
a blood agar plate. To determine 
bactericidal end points, transfer 
0.05 ml. from each tube showing no 
growth to a tube of thioglycollate 
medium. Mix and incubate at 36° C. 
for 72 hours. The tube showing no 
growth in thioglycollate is taken as 
the end point. Good growth should 
be evident in the control tube. 

6. In cases where the organism grows 
slowly, a loopful of an overnight 
broth culture may be used as the in- 
oculum. When microaerophilic or 
anaerobic bacteria have been isolat- 
ed, the tubes should be incubated 
anaerobically. 

7. Since thioglycollate medium con- 
tains sufficient agar to permit the 
growth of discrete colonies, one can 
determine by inspection the number 
of colonies growing out, and thus 
the degree of killing. It is thus rec- 
ommended that one report the re- 
sults as follows: 

a. Complete killing at serum dilu- 
tion , with no growth in 

subculture. 

b. Partial inhibition at serum dilu- 
tion , with 1 to 2-h growth 

in subculture. 

c Record and report the presence 
of less than 10 colonies at the 
serum dilution observed. 

8. If the percentage of bactericidal ac- 
tivity is required, the following may 
be carried out: 

a. Pipette 0.5 ml. of each tube 
showing no gross turbidity into 
tubes containing 12 ml. of melt- 



ed and cooled (45° to 50° C.) 
brain-heart infusion agar, mix, 
and make pour plates. 

b. Incubate for 72 hours at 36° C. 

c. On the basis of the inoculum colo- 
ny count (step 4), calculate the 
lowest titers of serum dilution 
showing 99.9% and 100% bacteri- 
cidal activity, and report accord- 
ingly. 

9. Schlichter indicated that optimal an- 
tibiotic dosage (either single or com- 
bined drugs) had been achieved 
when a bactericidal level of 1:2 (com- 
plete inhibition in the first two tubes) 
had been demonstrated; others, 
however, believe that a bactericidal 
level of 1:8 should be the minimum 
effective level in problem cases. Dos- 
age is adjusted according to results of 
the test and is maintained for the du- 
ration of the infection. 
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The moderately repetitive sequence Ca3 was used to fingerprint Candida albicans isolates from 32 patients 
hospitalized for more than 3 days, 17 recent admissions or outpatients, and 8 recently readmitted patients and 
10 commensal isolates from the community in Wellington, New Zealand, plus isolates from 21 hospitalized 
patients, 26 outpatients or recent admissions, 4 recently readmitted patients, and 10 healthy individuals in the 
community in Auckland, New Zealand. In Wellington, isolates from patients hospitalized in Wellington 
Hospital for more than 3 days were genetically significantly less diverse than were isolates from outpatients or 
recent admissions or isolates from healthy individuals in the community. In addition, two clusters of geneti- 
cally similar strains were isolated from hospitalized patients significantly more often than from other indi- 
viduals. These observations provide evidence (albeit indirectly) for nosocomial transmission of hospital- 
specific C. albicans strains. In contrast, no indication of hospital-specific transmission of C. albicans was found 
in Auckland Hospital. Since these results were obtained under conditions in which no candidiasis outbreak 
occurred in either hospital, they also suggest that Ca3 fingerprinting may be a useful tool in preventive 
nosocomial infection control programs, allowing assessment of the extent of C. albicans transmission occurring 
in a hospital. 



Most humans carry the yeast Candida albicans as part of 
their commensal microflora, but in hosts predisposed to can- 
didiasis it can act as a pathogen. In hospitals, greater success in 
the treatment of cancers and in the treatment of viral and 
bacterial infections and improvement in intensive care have led 
to an ever-increasing number of severely compromised pa- 
tients susceptible to candidiasis. This has led to an increase in 
the incidence of nosocomial candidiasis, with C. albicans being 
the most frequently encountered species. In most patients, 
candidiasis is localized, causing patients a considerable degree 
of discomfort. For certain high-risk groups of patients, such as 
burn patients, low-birth-weight babies, and leukemics, a 5 to 
15% incidence of Candida fungemia with an associated mor- 
tality rate of up to 90% has been reported (1, 4, 6, 7, 22). 

It is a commonly expressed opinion that strains which were 
already present as part of a host's commensal microflora are 
usually the etiological agents of candidiasis (7, 16, 20). On the 
other hand, clusters of nosocomial candidiasis do occur, sug- 
gesting the possibility of transmission of virulent strains to 
patients (5). It is important to determine whether transmission 
contributes to nosocomial candidiasis. If it does, prevention of 
transmission may reduce the incidence of the disease. 

The numerous attempts to demonstrate nosocomial trans- 
mission of C. albicans have been recently reviewed by Hunter 
(5). Some of these studies have indeed found the same type of 
strain on multiple patients but suffered from problems regard- 
ing the discriminatory power and reproducibility of the typing 
methods used. These problems are exemplified by the results 
of multiple studies of the so-called "London outbreak." As 
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summarized by Hunter, repeat analyses of this outbreak 
yielded contradictory results not only when different typing 
methods were used but also when the same method (restriction 
fragment length polymorphism on ethidium bromide-stained 
gels of whole DNA digests) was used twice for the same iso- 
lates (5). In his 1991 review, Hunter concluded that nosocomial 
transmission of C. albicans had not yet been unequivocally 
demonstrated (5). Our own review of the literature indicates 
that to date this conclusion remains valid. 

The present study employed computer-assisted Ca3 DNA 
fingerprinting (15), the most highly discriminating and accu- 
rate C. albicans typing method currently available (5, 8), to test 
if strain transmission between hospitalized patients occurs. Use 
was made of the ability of the method to quantitatively de- 
scribe the relationships between groups of isolates on the basis 
of their genetic similarity (15). By this approach, nosocomial 
transmission should be revealed by the widespread occurrence 
of groups of genetically similar strains on hospitalized patients. 
These groups of strains should in addition be significantly less 
frequent on outpatients or recent admissions and healthy in- 
dividuals in the community. 

Using this approach, we have obtained evidence for trans- 
mission of C. albicans in one of two hospitals studied. 

MATERIALS AND METHODS 

Selection and isolation of strains. Clinical isolates were from patients at 
Wellington Hospital, Wellington, New Zealand, admitted to 16 different wards 
and from patients at Auckland Hospital, Auckland, New Zealand, admitted to 27 
different wards. Both are tertiary-care hospitals of approximately the same size 
(546 and 687 beds, respectively). Isolates (one per patient) for fingerprinting 
were chosen from isolates recovered from clinical specimens submitted to hos- 
pital microbiological laboratories between August 1992 and November 1993. All 
isolates had been identified as C albicans by the germ tube assay (7). This 
identification was verified by the results of fingerprinting with the species-specific 
probe Ca3. All isolates had the strong and complex banding patterns character- 
istic of C albicans but absent in related species (9, 13, 18, 19). All isolates 
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fingerprinted were from sites at which yeast concentrations exceeded the levels 
for commensal colonization listed by Odds (7). Yeast concentrations were de- 
termined by semiquantitative plate-streaking procedures employed by the labo- 
ratories. These results were converted to cell numbers by using conversion 
factors derived from calibration experiments with samples of known viable-cell 
concentrations. Vaginal isolates were excluded from the analysis because earlier 
studies have indicated that relationships among these isolates differ from those 
among isolates found in other body locations and that they must thus be assessed 
separately (11, 14). Commensal isolates (each from a different person) were 
obtained from nonrelated healthy volunteers in the community. For each isolate, 
a single colony was used to inoculate an agar slant which formed the basis of 
further analysis. Additional information on the histories of the isolates is sum- 
marized in Table 1 and in Fig. 1 and 5. 

DNA fingerprinting with the Ca3 probe. DNA fingerprinting was performed as 
previously described by Schmid et al. (15). In brief, cells were grown in YPD 
medium to late log or early stationary phase and DNA was prepared from 
spheroplasts according to the method of Scherer and Stevens (10). The DNA 
concentration was determined fluorometrically by using the dye H 33258 (3). 
DNA was digested with Eco RI, after which fragments were separated on 0.8% 
agarose gels and transferred to a nitrocellulose membrane and then subjected to 
Southern hybridization with a 32 P-labelled nick-translated Ca3 probe (15) and 
autoradiography. The Ca3 probe contains 11 kb of repetitive sequences and 
hybridizes to all but two chromosomes of C. albicans (2). For a detailed descrip- 
tion of its characteristics as a fingerprinting tool, see reference 15. 

Analysis of fingerprints for the determination of relationships between 
strains. The methods used for analysis of fingerprints were those described by 
Schmid et al. (15). Southern blot patterns were entered into a Macintosh Ilvi 
computer as data files. The Dendron computer program (15) was used to quan- 
titate the degree of similarity between patterns of different isolates, resulting in 
similarity values, also referred to as S AB values, ranging from 1.0 (the two 
patterns compared are identical) to 0.0 (the two patterns have no bands in 
common) (15). Relationships between isolates were visualized in dendrograms 
constructed from matrices of similarity values by using the unweighted pair group 
method (17). The branching point between two isolates in dendrograms reflects 
their genetic similarity. Groups of genetically similar strains were defined as 
groups of isolates connected by branching points in dendrograms at an S AB value 
of ^0.8; this value lies halfway between the average Sab vahie found for multiple 
isolates from the same patients (0.96) (reference 13 and this study) and the 
average Sab vahie for isolates from different unrelated healthy individuals in the 
community (0.66) (references 13, 15, and 18 and this study). 

Test for the preferred association of groups of genetically similar strains with 
patients with particular characteristics. The frequency of isolation of a group of 
genetically similar strains (defined as described above) from patients showing a 
particular characteristic (e.g., a particular sex or age, long hospitalization, or 
admission to a particular ward) was determined. Next, the frequency of the same 
group of strains among other patients lacking this characteristic (or having the 
opposite characteristic) was determined. A z test was used to determine if the 
difference in frequency was statistically significant. 



RESULTS 

Analysis of Wellington isolates. Sixty-seven C. albicans iso- 
lates, each from a different individual, were analyzed (Fig. 1). 
These included 10 commensal isolates (labelled C in Fig. 1) 
and 57 patient isolates. Of the 57 patients, 32 had been hos- 
pitalized for more than 3 days prior to the isolation of C. 
albicans and were categorized by us for the purpose of this 
study as hospitalized (labelled H in Fig. 1). Seventeen were 
either outpatients or had been hospitalized for 3 days or less 
and were categorized by us as outpatients or recent admissions 
(labelled OR in Fig. 1). Eight additional patients were recent 
admissions but had been hospitalized within the 6 preceding 
months and were for that reason not included in the outpa- 
tient-or-recent-admission category). 

Figure 1 shows that many of the strains were genetically 
dissimilar. However, several groups of similar isolates are also 
apparent (such groups being defined as containing isolates with 
S^ values of >0.8 between them). The three largest groups of 
genetically similar isolates are labelled WA, WB, and WC in 
Fig. 1. Several of the isolates within these groups were as, or 
almost as, similar to each other as were multiple isolates from 
the same patients (average S^ value = 0.96 ± 0.02, deter- 
mined with two isolates each from four patients). Figure 2A 
gives an overview of the range of Ca3 patterns encountered; 
Fig. 2B illustrates the similarities between isolates from the 



TABLE 1. Histories of C. albicans isolates used in this study 



Isolate or patient category 



No. (%) of isolates 



Wellington 



Auckland 



Patient isolates 
No. of isolates 

Sex of patients 
Female 
Male 

Age of patients (yr) 
0-2 
2-50 
>50 

Most frequent sites of C. albicans 
isolation 
Sputum or aspirate 
Skin or wounds 
Feces 
Urine 
Oral cavity 

Most frequent conditions predis- 
posing patient to candidiasis 0 
Antibacterial antibiotics 
Surgery 

Catheterization 

Asthma (corticosteroid treatment) 
Diabetes 

No. of patients at high risk of ac- 
quiring candidiasis* 

No. of patients with clinical features 
of candidiasis reported 

Duration of hospitalization of 
paient prior to isolation of 
C. albicans (days) 

>3 C 
0-3* 

0-3 readmission' 

Commensal isolates 
No. of isolates 

Sex of patients 
Female 
Male 
Unknown 

Age of patients (yr) 
0-2 
2-50 
>50 

Unknown 
Site of C. albicans isolation 



57(100) 

23(40) 
34 (60) 



3(5) 
17(30) 
37 (65) 



16(28) 
14 (24) 
11(19) 
0(0) 
10(17) 



13 (23) 
1120) 

4(7) 
10(17) 

0(0) 

9(15) 



32 (56) 



32 (56) 
17(30) 
8(14) 



10 

6 
4 
0 



51 (100) 



21 (41) 
30 (59) 



4(8) 
16(31) 
31 (61) 



18(35) 
11(22) 
0(0) 
9(18) 
7(14) 



12(24) 
5(10) 
6(12) 
1(2) 
3(6) 

8(16) 



17(33) 



21 (41) 
26(51) 
4(8) 

10 



Oral cavity Oral cavity 



a Conditions listed by Odds (7) as predisposing patients to candidiasis. 

b HIV-positive or leukemia patients or those undergoing anticancer therapy. 

c The average durations of hospitalization were 32 ± 65 days in Wellington 
Hospital and 29 ± 26 days in Auckland Hospital. 

d Outpatients and recent admissions. The average duration of hospitalization 
was 1 ± 1 day in both hospitals. 

• Recent admissions who had been hospitalized within the previous 6 months. 



same patient and isolates from different patients falling into 
the same group of genetic similarity. 

If transmission of C. albicans between hospitalized patients 
occurs, isolates from such patients should be derived from a 
limited number of groups or clusters whose members are sim- 
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FIG. 1. Genetic relationships among all Wellington isolates determined on the basis of the similarity of their Ca3 fingerprints. The dashed line in the dendrogram 
denotes the threshold Sab value of 0.8 for defining groups of genetic similarity. The three largest groups of genetically similar isolates, WA, WB, and WC, are marked 
on the right of the dendrogram. Following the designation of each isolate is information on the duration of hospitalization of the patient (column labelled hsp; H, 
hospitalized for >3 days; OR, outpatient or recent admission; -, recent admission who was hospitalized previously; C, individual in the community [commensal isolate]), 
the wards to which patients had been admitted (column labelled wrd), clinical status indicating conditions predisposing the patient to candidiasis (column labelled cs; 
aa, asthma plus antibiotics; ab, antibiotics; ac, antibiotics plus catheterization; as, asthma; ca, catheterization; ic, immunocompromised by HIV, leukemia, or cancer or 
cancer treatments; sa, surgery plus antibiotics; su, surgery; wc, wound plus catheter. Asterisks denote patients for whom clinical symptoms indicating candidiasis were 
reported), sex, age (O, >50 years; Y, <2 years; blank cells, 2 to 50 years), and the body site or material from which the isolate was obtained (column labelled loc; bl, 
bloodstream; ca, catheter; fc, feces; or, oral cavity; sk, skin, including wounds; sp, sputum). 



ilar to each other. In contrast, isolates from recently admitted 
patients, outpatients, or healthy individuals in the community 
should be genetically more diverse. Figure 1 indicates that 
many of the isolates from hospitalized (>3 days) patients in 
Wellington Hospital were derived from only a few groups, 
since a high percentage of them were associated with the three 
large clusters WA, WB, and WC. 
To directly assess if a difference in genetic diversity existed 



between isolates from hospitalized patients and isolates from 
outpatients or recent admissions or commensal isolates, we 
determined the relationships between isolates in each category 
separately (Fig. 3). Isolates from hospitalized patients were 
indeed genetically less diverse than were isolates from the 
other two categories: in dendrograms (Fig. 3A), more than 
75% of isolates from hospitalized patients formed clusters with 
other similar isolates from such patients. In contrast, only 24% 
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FIG. 2. (A) Range of DNA fingerprints of isolates from different individuals 
in Wellington plus strain 3153A, which is included as a standard, and (B) 
examples of fingerprints of isolates from the same groups of genetic similarity 
( W3 and W4 from group WA and W28 and W33 from group WC) in comparison 
with fingerprints of multiple isolates from the same patient (W4 and W4.2, 
isolated on the same day from a wound and a drain site, respectively). Molecular 
sizes (MW) shown are those of the bands of standard strain 3153A 



of isolates from outpatients or recent admissions and only 20% 
of isolates from healthy individuals in the community formed 
clusters. Conversely, the frequency of values of >0.8 (the 
threshold defining groups of similarity) was 21% among iso- 
lates from patients hospitalized for >3 days, compared with 
only 7% among isolates from outpatients or recent admissions 
and 2% among commensal isolates from healthy individuals 
(Fig. 3B). The differences in the frequency of high values 
between isolates from hospitalized patients and isolates either 
from outpatients or recent admissions or from healthy individ- 
uals were statistically significant (P < 0.0010 and P < 0.0005, 
respectively, by the z test). 

We next sought to identify the group(s) of genetically similar 
strains that was being spread within the hospital. Because of 
their transmission in the hospital, these strains should occur 
more frequently in hospitalized patients than in individuals in 
the community or recent admissions. Figure 4 shows a com- 
parison of the distributions of the three main groups of similar 
strains within populations of healthy individuals in the com- 
munity, outpatients or recent admissions, and hospitalized pa- 
tients. Members of one of the clusters, WB, were isolated with 
approximately the same frequency (15 to 17%) both outside 
and within the hospital environment. Members of the cluster 
WC were in contrast isolated from only 7% of individuals 
belonging to the group of outpatients or recent admissions plus 
healthy subjects but from 38% of hospitalized patients, and this 
difference was statistically significant (z test, P < 0.005). The 
differences in the frequency of isolation of strains from cluster 
WC between hospitalized patients and either outpatients or 
recent admissions (38 versus 6%) or healthy individuals in the 
community (38 versus 10%) were also statistically significant (z 
test, P < 0.010 and P < 0.050, respectively). The presence of 
strains of this cluster was not restricted to a limited number of 
wards. The 12 hospitalized (>3 days) patients from whom WC 
strains were isolated had been admitted to 10 different wards. 




FIG. 3, Comparison of genetic diversity among groups of Wellington isolates 
from hospitalized (>3 days) patients, outpatients or recent admissions, and 
healthy individuals in the community (commensal). (A) Dendrograms of each of 
the three groups. The dashed lines mark the threshold defining groups of genetic 
similarity (S AB = 0.8); the groups are marked by bars on the right of the 
dendrogram. (B) Histograms of the distribution of values among isolates 
from hospitalized (>3 days) patients, outpatients or recent admissions, and 
healthy individuals from the community. Shaded bars mark Sab values of >0.8. 



WC thus represents a widespread hospital-specific group. 
Strains belonging to the cluster WA were somewhat more 
frequently isolated from hospitalized patients (frequency of 
isolation = 19%) than from individuals outside the hospital 
(frequency of isolation = 8%), but this difference was not 
statistically significant. When individual wards were analyzed, 
it became apparent that strains of this group were found more 
often on patients from each of two of the wards than on 
individuals from the remainder of the sample. WA strains were 
isolated from 3 of 7 (or 43%) ward G patients but from only 6 
of 60 (or 10%) other individuals. WA strains were also isolated 
from 2 of 4 (or 50%) ward H patients but from only 7 of 63 (or 
11%) other individuals. The. number of patients in the two 
wards was small, but the differences in frequency were statis- 
tically significant (z test, P < 0.050 and P < 0.025, respectively). 
All of the ward G and ward H patients from whom the WA 
strains were isolated had been hospitalized for more than 3 
days, with one exception: patient W132 had been admitted only 
1 day before sampling but had been previously admitted to the 
same ward only 2 weeks earlier. WA strains may thus also be 
a group that is being transmitted within the hospital, though 
only within a limited number of wards. 

We next sought to determine if isolates in any of the clusters 
WA, WB, and WC were more frequently isolated from any 
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FIG. 4. Frequency of isolation of the major groups of genetically similar 
Wellington strains, WA (□), WB (0), and WC (■), from hospitalized (>3 days) 
patients, outpatients or recent admissions, and healthy individuals in the com- 
munity. ■. other strains. 



subgroups of patients defined by age, gender, predisposing 
conditions, or body site of isolation, indicating adaptation of 
groups of genetically similar strains to patients with certain 
physiological or clinical features. We also tested whether any 
of the clusters were more frequently isolated from patients for 
whom clinical features of candidiasis had been reported. No 
statistically significant correlations were observed. 

Analysis of Auckland isolates. Sixty-one G albicans isolates, 
each from a different individual, were analyzed (Fig. 5). These 
included 10 commensal isolates (labelled C in Fig. 5) and 51 
patient isolates. Of the 51 patients, 21 had been hospitalized for 
more than 3 days prior to the isolation of C. albicans (labelled 
H in Fig. 5). Twenty-six either were outpatients or had been 
hospitalized for 3 days or less (labelled OR in Fig. 5). Four 
additional patients were recent admissions but had been hos- 
pitalized within the 6 preceding months and were for that reason 
not included in the outpatient-or-recent-admission category. 

Figure 5 gives an overview of the genetic relationships 
among the 61 strains. As in Wellington, many of the strains 
were genetically dissimilar but several groups of genetic simi- 
larity were also apparent. The two largest, containing 13 and 11 
isolates, respectively, are labelled AA and AB in Fig. 5. Exam- 
ples of the actual Ca3 patterns are shown in Fig. 6. 

In contrast to the one resulting from our analysis of the 
Wellington isolates, the dendrogram in Fig. 5 does not suggest 
that isolates from hospitalized patients in Auckland were fre- 
quently derived from the main clusters of genetically similar 
strains. This impression was confirmed by the results of further 
tests which gave no indication of transmission in Auckland 
Hospital: an analysis of the genetic diversity of isolates from 
hospitalized patients, outpatients or recent admissions, and 
healthy individuals (Fig. 7) showed that isolates from hospital- 
ized patients were not less diverse than isolates from outside 
the hospital environment were. In the dendrograms in Fig. 7 A, 
42% of the isolates from hospitalized patients formed clusters 
with other similar isolates compared with 69% of isolates from 
outpatients or recent admissions and 30% of commensal iso- 
lates. Conversely, the frequency of high values (>0.8) was 
9.5% among isolates from hospitalized patients, compared 



with 18% among isolates from outpatients or recent admis- 
sions and 7% among isolates from healthy individuals in the 
community. There was also no significant difference in the 
frequency with which strains from the major clusters, AA and 
AB, were encountered within and outside the hospital envi- 
ronment (Fig. 8). Likewise, no association of either group of 
strains with patients on any specific ward(s) was found. 

Hospital-specific transmission could have been masked in 
the above-described analysis by strong preferences of groups of 
genetically similar strains for particular types of patients (de- 
fined, for instance, by physiological or clinical condition) or 
body sites, regardless of hospitalization. We therefore tested 
whether either of the two large groups of genetically similar 
strains was more frequently encountered in subgroups of pa- 
tients defined by age, gender, predisposing conditions, re- 
ported clinical symptoms of candidiasis, or body site than on 
the remainder of the patients. We found the following statis- 
tically significant (z test, P < 0.05 or less) correlations. Strains 
of group AA were encountered 3.4 times more often in pa- 
tients at high risk of acquiring candidiasis (human immunode- 
ficiency virus (HlV)-positive and cancer patients), and 2.9 
times more often in the urinary tract than at other sites. Strains 
of group AB were encountered 6.4 times more often in pa- 
tients above the age of 50 than in other patients. None of these 
prevalences were higher for hospitalized patients than for out- 
patients or recent admissions, which would have indicated 
transmission in the hospital between certain patient groups. 

The prevalence of group AA strains in the urinary tract was 
actually highest outside the hospital environment, and the 
high-risk patients were almost exclusively outpatients or recent 
admissions. These two factors could thus have concealed a 
reduced genetic diversity among isolates from hospitalized pa- 
tients. We therefore repeated the comparison of genetic diver- 
sity between isolates from hospitalized and nonhospitalized 
patients with a sample of isolates from which urinary tract 
isolates and isolates from high-risk patients had been omitted. 
The results (data not shown) provided neither evidence nor 
even a trend pointing towards either reduced genetic diversity 
among isolates from hospitalized patients or an increased fre- 
quency of the remaining cluster AA and cluster AB isolates in 
hospitalized patients — again providing no indication of hospi- 
tal-associated transmission. 

Whereas the above-described analyses yielded no indication 
of transmission in Auckland Hospital, they did highlight some 
differences between the strains isolated from patients and 
those isolated from healthy individuals. The level of genetic 
diversity of strains from outpatients or recent admissions was 
significantly lower (z test, P < 0.025) than was that of strains 
from healthy individuals (18 versus 7% of S AD values of >0.8). 
In addition, strains from groups AA and AB were isolated 
from 14 and 24% of hospitalized (>3 days) patients, respec- 
tively, and from 34 and 23% of outpatients or recent admis- 
sions but were not isolated from any of the 10 healthy individ- 
uals. With the exception of the difference in frequency of 
isolation of AA strains between hospitalized patients and 
healthy individuals, all these differences were statistically sig- 
nificant (z test, P < 0.050 or less). The populations of strains 
found in both outpatients or recent admissions and hospital- 
ized patients were thus not identical to the population of com- 
mensal strains in healthy individuals. 

DISCUSSION 

It was the aim of this study to assess whether C. albicans 
strains can be transmitted to patients within the hospital envi- 
ronment by using a retrospective comparison of isolates ob- 
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FIG. 5. Genetic relationships among all Auckland isolates determined on the basis of the similarity of their Ca3 fingerprints. The dashed line in the dendrogram 
denotes the threshold S AB value of 0.8 for defining groups of genetic similarity. The two largest groups of genetically similar isolates, AA and AB, are marked on the 
right of the dendrogram. Following the name of each isolate is information on the duration of hospitalization of the patient (column labelled hsp; H, hospitalized for 
>3 days; OR, outpatient or recent admission; -, recent admission who was hospitalized previously; C, individual in the community [commensal isolate]), the wards to 
which patients had been admitted (column labelled wrd), the clinical status indicating conditions predisposing the patient to candidiasis (column labelled pc; ab, 
antibiotics; as, asthma; ca, catheterization; di; diabetes; ec, eczema; ic, immunocompromised by HIV, leukemia, or cancer or cancer treatments; pe; pleural effusion; 
su, surgery; wd, wound. Asterisks denote patients for whom clinical symptoms indicating candidiasis were reported), sex, age (O, >50 years; Y, <2 years; blank cells, 
2 to 50 years), and body site or material from which the isolate was obtained (column labelled loc; an, anus; as, aspirate; ca, catheter, dr, drain; hp, hip; or, oral cavity; 
sk, skin, including wounds; sp, sputum; ur, urine). 



tained from patients who had been hospitalized for different 
lengths of time. In one of two hospitals surveyed (Wellington 
Hospital), the majority of isolates obtained from patients after 
prolonged hospitalization was derived from a limited number 
of groups of genetically similar strains. Strains from outpa- 
tients or recent admissions and healthy individuals were, in 
contrast, significantly more dissimilar to each other, i.e., genet- 
ically more diverse. We identified two groups of genetically 



similar strains which were significantly more prevalent in pa- 
tients after prolonged hospitalization, one (WC) found in pa- 
tients from a large number of different wards and one (WA) 
found in patients from two specific wards. No other patient 
characteristics, such as sex, age, or physiological or clinical 
state, were correlated with the increased prevalence of these 
clusters. These observations thus indicate that in Wellington 
Hospital, hospitalization led to the frequent replacement of 
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FIG. 6. Range of DNA fingerprints of isolates from different individuals in 
Auckland plus strain 3153A, which is included as a standard. Molecular sizes 
(MW) shown are those of the bands of standard strain 3153A 



patients' strains with strains acquired in the hospital environ- 
ment and therefore provide evidence (albeit indirectly) for 
nosocomial transmission of C. albicans. 

The fact that our evidence indicates transmission of groups 
of similar strains rather than of a single strain allows some 
conclusions to be drawn regarding the possible scenario un- 
derlying these transmissions. It seems likely that the progeni- 
tors of the two groups of strains transmitted became estab- 
lished in the hospital in the past and that their progeny have 
since evolved while spreading throughout the hospital environ- 
ment; such spread may involve not only contact between hu- 
man hosts but also inanimate surfaces and food (21). We are 
now in the process of identifying the reservoirs of these strains 
and vehicles of their transmission in the hospital environment. 
Our findings also suggest one reason why previous attempts to 
demonstrate nosocomial transmission of C. albicans have 
yielded inconclusive results (5). Since the methods employed 
lacked the capability to group strains according to their simi- 
larity, they could have detected only single-strain transmission 
and not transmission of groups of genetically similar strains. 

In the second hospital studied (Auckland Hospital), we 
found no indications of nosocomial transmission of C. albicans. 
We emphasize that this does not imply that compromised 
patients in this hospital always retained their commensal 
strains. The frequency of the major groups of strains, AA and 
AB, in patients (both hospitalized patients and outpatients or 
recent admissions) was higher than their frequency in healthy 
individuals. In addition, the level of genetic diversity of patient 
isolates was lower than that of commensal isolates. These dif- 
ferences indicate that commensal strains had been replaced 
but that replacement had occurred regardless of hospitaliza- 
tion, implicating the community as the source of the replacing 
strains. This assumption is corroborated by the results of an 
earlier study in which we demonstrated strain replacement in 
nonhospitalized AIDS patients (13). The design of the present 
study did not allow us to determine when strain replacement in 
hospitalized patients took place. On the basis of our earlier 
work (13), it seems likely that replacement may have occurred 




FIG. 7. Comparison of genetic diversity among groups of Auckland isolates 
from hospitalized (>3 days) patients, outpatients or recent admissions, and 
healthy individuals in the community (commensal). (A) Dendrograms for each of 
the three groups. The dashed lines mark the threshold defining groups of genetic 
similarity (S AB = 0.8); the groups are marked by bars on the right of the 
dendrograms. (B) Histograms of the distribution of S AB values among isolates 
from hospitalized (>3 days) patients, outpatients or recent admissions, and 
healthy individuals from the community. Shaded bars mark values of >0.8. 



prior to the patients' hospitalization. Certain groups of replac- 
ing strains were found more frequently on patients with par- 
ticular characteristics, regardless of whether the patients were 
hospitalized: group AA preferably associated with high-risk 
patients and patients with urinary tract disorders, and group 
AB preferably associated with patients older than 50 years. 
This, in turn, raises the possibility of specific adaptation of 
groups of strains towards colonization of certain types of pa- 
tients. However, in a combined analysis of isolates from a 
number of New Zealand hospitals these strains grouped to- 
gether with strains from other centers showing no such pref- 
erences (12). This makes it more likely that the preferred 
association of the Auckland groups with certain types of pa- 
tients was based on routes of transmission existing within these 
patient populations. 

The observation that nosocomial transmission of C. albicans 
apparently occurs only in some hospitals and not in others 
raises questions as to the reasons for these differences. One 
possible explanation would be that the groups of strains trans- 
mitted in Wellington Hospital were genetically well adapted to 
survival in the hospital environment and that strains with such 
capabilities were not present in Auckland. This appears un- 
likely because in a combined Ca3 analysis of isolates from 
several hospitals in New Zealand (12), we found that the 
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FIG. 8. Frequency of isolation of the major groups of genetically similar 
Auckland strains, AA (□) and AB (0), from hospitalized (>3 days) patients, 
outpatients or recent admissions, and healthy individuals in the community 
(commensal). ■, other strains. 



strains transmitted in Wellington (groups WA and WC) 
formed clusters of genetic similarity with Auckland strains 
belonging to groups AA and AB. Further studies will be re- 
quired to assess which epidemiological factors may be respon- 
sible for the observed differences in the frequency of transmis- 
sion between the two hospitals. 

In addition to providing evidence for nosocomial C. albicans 
transmission, the results of this study suggest potential appli- 
cations for Ca3 fingerprinting in preventing candidiasis out- 
breaks. Because of the high resolution of Ca3 fingerprinting, 
occasional spot testing of fairly small numbers of select isolates 
submitted to the clinical laboratory is apparently sufficient to 
determine whether transmission of C. albicans occurs in a 
given hospital, even in the absence of an obvious outbreak 
situation. Ca3 fingerprinting is thus a sensitive first screen for 
the detection of nosocomial transmission of C. albicans, and if 
the fingerprinting analyses were contracted out to laboratories 
in which the methodology is established, such screens would 
also be rapid and inexpensive. In instances in which such a spot 
test indicated transmission, the method could potentially be 
utilized to track reservoirs and routes of transmission by sam- 
pling of the hospital environment and caregivers. This may 
enable a hospital to eliminate such routes before they become 
the means of transmission of highly virulent strains causing 
single-strain outbreaks. 
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occurred in association with probable pneumoconiosis: 
Carasso et al 3 reported a 48-year-old woman with a 
bronchoesophageal fistula due to silicotic mediastinal 
lymphadenopathy, and Frew 4 reported a 51-year-old 
man with a chest roentgenogram suggestive of pneumo- 
coniosis and dysphagia due to a tuberculoma in the 
esophagus. Mediastinal lymph node enlargement due to 
other granulomatous diseases such as sarcoidosis and 
histoplasmosis have been shown to compress the esopha- 
gus. 1 * 2 

Although this patient had no specific signs or symp- 
toms of tuberculosis, tissue cultures of the cervical lymph 
nodes grew M intracellular e. The increased incidence of 
Mycobacterium tuberculosis in silicotic patients is well 
known. Also atypical mycobacterial infections appear to 
be more frequent in patients with pneumoconioses. 5 " 6 
Blacks generally have a lower incidence of clinical atyp- 
ical mycobacteriosis than whites, but our patient's silico- 
sis and diabetes mellitus may have increased his risk to 
infection. 5 His anemia of chronic disorders may be re- 
lated to the mycobacteriosis. 7 

Although this patient was lost to follow up by the 
chest service, it is interesting to speculate what the most 
appropriate course of therapy for him would have been. 
We recommended that he undergo a thoracotomy to 
remove the mediastinal lymph nodes compressing the 
esophagus and perhaps reduce the burden of tubercu- 
lous tissue as well. We also would have administered 
chemotherapy with five to six antituberculosis drugs 
because Af intracellular is notoriously resistant to con- 
ventional therapy. 8 Atypical mycobacterioses are even 
more difficult to treat in patients with pneumoconioses. 5 

This is the first reported case, to our knowledge, in 
which silicotic lymphadenopathy complicated by M in- 
traceUulare infection produced dysphagia by extrinsic 
compression of the esophagus. Silicosis should be con- 
sidered among other granulomatous diseases such as 
mediastinal granuloma, tuberculosis, and sarcoidosis in 
the differential diagnosis of dysphagia. 
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Invasive Aspergillosis Presenting as 
Pericarditis and Cardiac Tamponade* 

John M. Luce, M.D.; Richard C. Ostenson, M.D.; 
Steven C. Springmeyer, M.D,; and 
Leonard D. Hudson, M.D., F.C.CJP. 

A 38-year-old leukemic patient developed pericarditis 
and cardiac tamponade doe to Aspergillus niger one 
month after undergoing bone marrow transplantation. 
She failed to improve even though amphotericin B and 
rifampin therapy had been initiated before infection was 
evident Her unique case illustrates both the unusual 
presentations of invasive aspergillosis and the difficulty 
of diagnosing and treating this increasingly common dis- 
ease 

Invasive aspergillosis is recognized with increased fre- 
quency among immunocompromised patients. 1 * 8 
However, recognition often is delayed by the unusual 
and nonspecific manifestations of this condition. We pre- 
sent the case of a bone marrow transplant recipient in 
whom pericarditis and cardiac tamponade were the first 
clinical indications of invasive aspergillosis. 

Case Report 

The patient was a 38-year-old woman with acute myelo- 
monocytic leukemia who was transferred to the Fred Hut- 
chinson Cancer Research Center (FHCRC; UPN907) in sec- 
ond relapse. Previous chemotherapy had included cytarabine, 
6-thioguanine, and daunomycin. Admission laboratory find- 
ings included pancytopenia with a peripheral neutrophil 
count of 150/cu mm. Chest roentgenogram and ECG were 
normal (Fig 1, left). The patient was placed in laminar 
air flow and was given prophylactic oral antibiotics. She was 
prepared for transplantation with 1 mg/ kg/body weight 
of nitrogen mustard followed by 1,200 rads of total body 
irradiation in six divided doses, as per FHCRC protocol. 4 

During preparation, the patient was given intravenous 
carbenicillin and gentamicin for fever. Intravenous am- 
photericin B, 25 mg/day, and rifampin, 300 mg/day, were 
added when blood cultures grew Candida tropicalis. Two 
weeks after admission, the patient received a bone marrow 
transplant from her HLA-matched sibling, who also was 
the source of daily granulocyte infusions. 

The patient's posttransplantation course was complicated 
by an episode of pulmonary edema which was thought to 
be due to pre-esristent anthracycline cardiac toxicity and 
fluid overload. Her respiratory status improved with di- 
uretics, and her chest roentgenogram cleared but for a 
small right middle lobe (RML) infiltrate. She men de- 
veloped toxic enteritis which was treated with intravenously 
administered corticosteroids. 

Three weeks after admission, the patient noted anterior 
chest pain which radiated into her throat and was intensi- 
fied in the supine position. The pain was felt to be due to 
Candida esophagi tis after barium swallow disclosed esopha- 
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Ficure 1. Chest roentgenograms taken on admission (1A, left), at the time pericarditis be- 
came evident (IB, center), and shortly before death (1C, right). Note progressive increase 
in RML infiltrate and cardiac silhouette caused by invasive aspergillosis. 



geal ulcerations. The pain worsened over die next two days, 
and the patient developed a rapid and irregular pulse. A 
pericardial friction rub then was noted, and chest roentgeno- 
gram revealed that the RML infiltrate had increased and 
now was associated with an enlarged cardiac silhouette 
(Fig. 1, right). An ECG showed low voltage and atrial 
fibrillation, and echocardiogram demonstrated a pericardial 
effusion of approximately 50 ml. 

The patient was taken to surgery, where the right side of 
the chest was entered through a parasternal incision. The 
RML was found to be firm and pale, the pericardium was 
covered with a shaggy exudate, and the pericardial sac con- 
tained 50 ml of serosanguinous fluid. A pericardial window 
was created, and die pericardium and RML were biopsied. 

On microscopic examination, the RML tissue was hemor- 
rhagic and infarcted. Branching, septate hyphae were seen 
on the pleural surface; sheets of the same hyphae were 
found adjacent to and invading the pericardium. Cultures 
of the pericardium and pericardial fluid subsequently grew 
Aspergillus niger. 

Amphotericin B was continued to a total dose of 750 mg, 
and the patient's neutrophil count rose to 700/cu mm, in- 
dicating increased graft function. The patient was stable for 
two days until her cardiac silhouette enlarged even more on 
chest roentgenogram, and she developed a 30-mm para- 
doxical pulse (Fig 1, center). That night, the patient re- 
quired endotracheal intubation and mechanical ventilation 
for worsening cardiopulmonary function. Pericardiectomy was 
planned, but she developed massive hemoptysis and died in 
ventricular fibrillation the following day. 

At autopsy, the patient's pericardium, lungs, pleurae, 
heart, kidneys intestines and thyroid gland were found to 
be involved with Aspergillus. The fungus had invaded the 
aorta and the left main and left anterior descending coronary 
arteries, as well as the proximal right pulmonary arterial tree. 

Discussion 

Invasive aspergillosis is second only to candidiasis of 
the fatal mycoses seen in cancer patients. 3 Although it 
occurs most commonly in persons with neoplasms, as- 
pergillosis also has been reported in immunosuppressed 
persons with sarcoidosis and collagen vascular diseases 
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and in individuals undergoing renal, cardiac, and bone 
marrow transplantation. 1 ' 9 Factors predisposing to as- 
pergillosis include granulocytopenia, broad spectrum 
antibiotic therapy, and the administration of cortico- 
steroids. 1 ' 2 All of these factors were present in this 
patient. 

Aspergillus characteristically enters the body through 
the respiratory tract. In the lungs, tissue invasion usu- 
ally is manifested by bronchopneumonia or by a dis- 
tinctive pattern of hemorrhagic infarction. Such infarc- 
tion, which was seen in this patient, occurs secondary 
to vascular invasion by mycelial elements with thrombo- 
sis and occlusion of the pulmonary vessels. The fungus 
then may spread from the lungs by direct invasion, or 
more commonly, by hematologic dissemination. 2 

The organs most often involved in disseminated as- 
pergillosis are the lungs, intestine, brain, kidneys, liver, 
esophagus, and heart, in that order. Pericardial involve- 
ment is unusual, occurring in only three of 93 patients 
in a series from the Memorial Sloan-Kettering Cancer 
Center and four of 98 patients from the National Can- 
cer Institute (NCI). 12 None of the NCI patients had 
signs or symptoms suggestive of pericarditis or peri- 
cardial tamponade. 3 In 1962, Fraumeni and Fear 0 de- 
scribed a lymphoma patient with distended neck veins 
and pulsus paradoxus, but that is the only reported case 
in which Aspergillus caused an obvious pericarditis. 

Even when the diagnosis of aspergillosis is made, 
treatment often is unsuccessful. Therapy includes the 
administration of amphotericin B, flucytosine, and aero- 
solized nystatin, either alone or in combination. s » a ' 7 
Rifampin and amphotericin B also have been used to- 
gether. 8 

According to one recent report, the clinical outcome 
of cancer patients with aspergillosis correlates best not 
with the total dose of amphotericin but with the re- 
covery of circulating neutrophils. 1 ' 3 Outcome also has 
been reported to improve with early diagnosis and 
treatment. 9 However, this patient already was receiving 
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amphotericin B and rifampin when her aspergillosis be- 
came apparent, and she had achieved partial bone mar- 
row engraftment. Her case underscores the difficulty 
of diagnosing and treating invasive aspergillosis in im- 
munocompromised hosts as well as the unusual mani- 
festations of this disease. 
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Spontaneous Return of Patency 
in a Completely Occluded Coronary 
Artery* 

Neale D. Smith, MJ>., and Henry DeMoU, M.D. 

We observed a 56-year-old man In whom an occluded 
right coronary artery was observed to be widely patent 
on a subsequent angiogram 40 months later. This "re- 
gression,** which occurred without a change in his risk 
factors, shows that manipulation of risk factors can be 
proven to be a cause of regression only in controlled 

Serial coronary arteriography has shown that the ex- 
pected course of coronary atherosclerosis is a steady 
and relentless progression of disease. 1 * 4 The rate of 
progression of an individual lesion is highly unpre- 
dictable but there appears to be a relationship between 
the number and severity of risk factors such as cigarette 
smoking, hypertension, and hyperlipoproteinemia and 
the rate of progression of coronary artery disease. 1 * 5 
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Regression of atherosclerosis in animals 6 ' T and in the 
peripheral vessels in man has been shown in response to 
manipulation of the atherogenic stimuli. 8 * 9 Because it is 
generally presumed that coronary artery disease always 
progresses, or that if regression is possible it occurs only 
after vigorous therapy of atherogenic stimuli, we are 
reporting a patient with a prior inferior myocardial 
infarction in whom angiographic "improvement" of a 
right coronary artery occlusion was demonstrated. The 
improvement occurred without treatment of known risk 
factors for coronary artery disease. 

Case Report 

The patient is a 56-year-old man who presented to another 
hospital with acute chest pain, diaphoresis, and syncope in 
December 1974. The ECG showed evidence of an acute 
inferior myocardial infarction and complete heart block. He 
was treated with intravenous isoproterenol, atropine, and oral 
prednisone. Eight days after myocardial infarction, he had a 
right femoral artery embolus which was uneventfully re- 
moved. 

After discharge from the hospital, he noted persistent 
chest pain and dyspnea on exertion. He was admitted for re- 
evaluation in April 1975. 

He was 177.8 cm (70 inches) tall and weighed 72.3 kg 
(160 pounds). The arterial blood pressure was 115/80 mm 
Hg. The fasting blood sugar level was 90 mg/100 ml. A 
plasma cholesterol determination was not made. 

Coronary arteriography was performed using the Judkins 
femoral percutaneous technique. Cineangiograms were made 
of the right and left coronary arteries in the right anterior 
oblique and left anterior oblique projections. Large film serial 
roentgenograms using a rapid film changer programmed for 
ten exposures in three seconds were made of each coronary 
artery in the lateral, right anterior oblique, and left anterior 
oblique projections. Secobarbital, 100 mg intramuscularly, 
was given prior to the procedure. Nitroglycerin 0.4 mg 
sublingual, was given prior to introduction of the right 
coronary artery catheter. The procedure was accomplished 
without complication; there was no angina during the proce- 
dure. 

The examination revealed a complete occlusion in the 
midportion of the right coronary artery, complete occlusion of 
the left anterior descending coronary artery, and irregularity 
without significant obstruction in the proximal left circumflex 
coronary artery (Fig 1). There was complete morphologic 
consistency of all films. The left ventriculogram demonstrated 
inferior and apical akinesia and an ejection fraction of 0.15. 
Coronary bypass surgery was not recommended because of 
the poor ventricular function and because distal coronary 
arteries suitable for bypass grafting were not identified. 

He was treated with progressively larger doses of pro- 
pranolol until the dose of that medication reached 320 mg per 
day. Digoxin, 0.25 mg, was given dairy and a thiazide 
diuretic was given for a brief period. No other drug therapy 
was used. 

When the patient was first evaluated at our hospital in 
April 1978, he continued to complain of severe angina and 
dyspnea on exertion. In the interim, he had continued to 
smoke IX packs of cigarettes per day as he had done for the 
previous 30 years. He had not changed his diet. His disability 
was such mat he engaged In minimal physical activity. 

He weighed 168 pounds. His arterial blood pressure was 
130/85 mm Hg. He had bibasilar rales, an S3, and pedal 
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Six separate human immunodeficiency virus-positive patients with cryptococcal meningitis were each found 
to have been infected with a unique strain of Cryptococcus neoformans on the basis of genomic DNA finger- 
printing analysis with the microsatellite sequence-containing oligonucleotide probe (GGAT) 4 and by random 
amplification of polymorphic DNA. Two patients (A and B) experienced a recurrent episode of infection. Between 
12 and 16 single-colony isolates recovered from primary isolation media (>50% of C. neoformans colonies 
recovered) from cerebrospinal fluid specimens were fingerprinted from both patients during each episode. The 
fingerprints of both isolate collections from patient B were very similar, although minor polymorphisms were 
evident in both sets of profiles. The fingerprints of the isolate collection from the initial episode of infection in 
patient A were also identical to each other, apart from minor polymorphisms, but they were clearly different 
from the corresponding profiles of the isolate collection from the recurrent episode, the latter of which were 
completely identical, apart from minor polymorphisms in a single isolate. Furthermore, prolonged storage and 
in vitro subculture of the isolates did not alter the fingerprint profiles. These results provided convincing 
evidence that patients A and B were each infected with a single C. neoformans strain during each episode of 
infection and that in patient B, the same strain persisted and caused both episodes, while in patient A, a 
different strain was responsible for each episode. The prevalence of polymorphisms in multiple single-colony 
isolates from both patients also suggested that C. neoformans populations may undergo microevolution. 



Cryptococcus neoformans is an encapsulated basidiomycet- 
ous yeast species which occurs naturally in the environment 
and is frequently associated with pigeon droppings and soil 
contaminated with avian guano (11). Under most circum- 
stances, inhalation of this organism fails to cause symptomatic 
infection (14). However, in 5 to 10% of individuals with AIDS, 
severe life- threatening disease in the form of meningoenceph- 
alitis can occur (6). The vast majority of the isolates responsi- 
ble for these infections are C neoformans var. neoformans 
serotype A (10). 

Because of the perceived importance of these organisms as 
human pathogens, the species has been subjected to intense 
study during the last decade. In this regard, the recent devel- 
opment and application of techniques designed to differentiate 
between individual isolates are of particular relevance because 
of the high incidence of recurrent cryptococcal infections in 
AIDS patients once antifungal therapy has ceased (20). In 
order to design effective antifungal drug treatment regimens, it 
is important to determine if recurrent disease is the result of 
reinfection with the original strain or infection with a novel 
strain. Unfortunately, individual strains of C. neoformans are 
morphologically and physiologically indistinguishable, and iso- 
lates of C. neoformans var. neoformans can only be divided into 
three serotypes (serotypes A, D, and A-D) (9). Consequently, 
techniques used in the epidemiological analysis of these organ- 
isms have concentrated on detecting genetic differences be- 
tween individual isolates. To date, a wide variety of molecular 
typing systems have been applied to C. neoformans epidemiol- 
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ogy, including electrophoretic karyotyping (17, 19), PCR fin- 
gerprinting (13), random amplified polymorphic DNA 
(RAPD) analysis (2, 8), multilocus enzyme typing (1, 2), allelic 
variation of the URA5 locus (3, 5), and DNA fingerprinting 
with (i) genomic DNA probes (5, 18, 22, 23, 26, 27), (ii) mito- 
chondrial DNA probes (25), and (iii) oligonucleotide probes 
homologous to microsatellite sequences (8). The general con- 
sensus from many of these studies is that C. neoformans strains 
exhibit considerable genetic heterogeneity and that recurrent 
infections are apparently due to the persistence of the original 
infecting strain (17, 22, 23). However, a recent study by Haynes 
et al. (8) indicated, on the basis of oligonucleotide and RAPD 
fingerprint analysis of genomic DNA, that in two patients 
(from five examined in total), recurrent infections may have 
been due to reinfection with a novel strain. In addition, this 
study indicated that one patient was coinfected with more than 
one strain during a single episode of infection. These data have 
aroused some controversy (4), and their clinical implications 
are of sufficient importance to warrant the analysis of addi- 
tional cases of recurrent C. neoformans infection in order to 
confirm unequivocally that reinfection with novel strains may 
occur. The purpose of this study was to corroborate these 
earlier findings by analyzing multiple single-colony isolates re- 
covered from patients during two recurrent episodes of men- 
ingitis and to determine the extent of genetic diversity within 
phenotypically homogeneous populations of C. neoformans re- 
covered from the same clinical specimen. 

MATERIALS AND METHODS 

C. neoformans isolates. C. neoformans isolates were recovered from six human 
immunodeficiency virus-infected individuals with cryptococcal meningitis at The 
Chelsea and Westminster Hospital, London, United Kingdom, between January 
1994 and April 1995. In the case of four of these patients, C neoformans isolates 
were recovered from a single episode of infection. The remaining two patients, 
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both of whom were homosexual males with AIDS, experienced two successive 
episodes of meningitis. These two patients, termed A and B, respectively, pre- 
sented with the classical symptoms of cryptococcal meningitis for the first time in 
November 1994, and in both cases, C. neoformans was isolated by plating of 
aliquots of cerebrospinal fluid (CSF) on Sabouraud's agar. After treatment with 
0.6 to 0.7 mg of amphotericin B kg' 1 day -1 for 2 to 4 weeks, both patients made 
a complete clinical recovery. Thereafter, each patient received 200 to 400 mg of 
fluconazole day" 1 on an ongoing basis. However, clinical symptoms of meningitis 
reappeared in patient A in April 1995 and in patient B in March 1995, and in 
both cases, C. neoformans was again isolated from CSF samples. The time 
intervals between the initial and recurrent isolation of C. neoformans from 
patients A and B were 158 and 112 days, respectively. No additional specimens 
were taken from either patient during the symptom-free period between epi- 
sodes of meningitis. Isolates were recovered on Sabouraud's agar after incuba- 
tion at 3TC for 48 h and subcultured on fresh media prior to identification with 
the API ID 32C Yeast Identification System (biolvterieux, Marcy l'Etoile, 
France) and urea assimilation. Each isolate was stored in Protect cryo-storage 
vials (STC, Heywood, Lancashire, United Kingdom) at -20°C prior to detailed 
analysis. The CSF specimens from the initial and recurrent episodes of menin- 
gitis for both patients A and B each yielded between 10 and 30 C. neoformans 
CFU on primary isolation media. In the case of both episodes of infection in 
patient A and in the recurrent episode of infection in patient B, 20 individual 
well-separated C. neoformans colonies from the primary isolation plates were 
selected at random and stored; 16 of these from each isolate collection were 
subjected to further detailed analysis. In the case of the initial episode of infec- 
tion in patient B, only 12 C. neoformans CFU were recovered on primary 
isolation media, all of which were stored and subjected to detailed analysis. The 
isolate collections from the initial episodes of infection in patients A and B were 
labelled A,l-20 and B,l-12, respectively, while those from the recurrent epi- 
sodes were labelled A„t-20 and B n l-20, respectively. 

Fluconazole susceptibility testing. The susceptibility of C. neoformans clinical 
isolates to fluconazole was determined by broth microdilution in RPMI 1640 
medium (15). Isolates were grown in 96-well microliter plates (Corning) incu- 
bated at 35°C for 72 h with agitation (16). An end point of 80% growth inhibition 
(ICgo) was determined for each isolate by measuring the ^5 with an automated 
microplate reader (Spectra I; SLT-Labinstruments, Salzburg, Austria). 

DNA fingerprinting. C. neoformans total cellular DNA was purified as de- 
scribed previously (22). Restriction fragments generated by digesting total cel- 
lular DNA samples to completion with the restriction enzyme EcoRl (Promega 
Corp., Madison, Wis.) were separated by electrophoresis through 0.8% (wt/vol) 
agarose gels and transferred onto nylon membrane filters (MSI, Westboro, 
Mass.) according to the method of Southern (21). The oligonucleotide probe 
(GGAT) 4 was end labelled with [7- 32 P]dATP (Amersham International Pic, 
Little Chalfont, Buckinghamshire, United Kingdom [>5,000 Ci mmol" 1 ]) and 
T4 polynucleotide kinase (Promega Corp.) according to the manufacturer's in- 
structions. Labelled (GGAT) 4 was hybridized to the digested DNA as described 
previously (24). 

RAPD. PCRs were performed in a final volume of 25 ul containing 10 mM 
Tris-HCl (pH 8.3); 50 mM KC1; 3.0 mM MgCl 2 , 200 u.M (each) dATP, dCTP, 
dTTP, and dGTP (Promega Corp.); 20 pM primer; 0.5 U of Taq DNA polymer- 
ase (Promega Corp.); and approximately 10 ng of C. neoformans total genomic 
DNA. The following oligonucleotide primers were used: 1, 5'GCGATCCCCA3'; 
2, 5'(GATA 4 )3'; and 3, 5'AACGCGCAAC3'. Amplification reactions were per- 
formed in a Perkin-Elmer Cetus DNA thermal cycler under the following con- 
ditions: 94°C for 5 min, 36°C for 5 min, and 72°C for 5 min for 4 cycles followed 
by 30 cycles at 94°C for 1 min, 36°C for 1 min, and 72°C for 2 min. This was 
followed by an incubation period of 72°C for 10 min. After amplification, 20-u.l 
aliquots of the reaction mixtures were electrophoresed in 1.5% (wt/vol) agarose 
gels, and the amplified products were visualized under UV light after being 
stained with ethidium bromide. 



RESULTS 

Oligonucleotide fingerprinting of C. neoformans isolates. To- 
tal cellular DNA was purified from a single isolate of C. neo- 
formans recovered in each case from CSF, skin, and blood 
samples obtained from two patients with meningitis and from 
CSF cultures recovered from another four patients suffering 
from meningitis. Aliquots of DNA from these isolates were 
digested to completion with EcoRl, and the resulting frag- 
ments were separated by agarose gel electrophoresis and trans- 
ferred to nylon membrane filters prior to hybridization analysis 
with the 32 P-labelled oligonucleotide probe (GGAT) 4 . The 
fingerprints generated from isolates recovered from different 
anatomical sites in the same patient were found to be indistin- 
guishable. However, the fingerprints generated from isolates 
recovered from separate patients were each found to be very 



J. Clin. Microbiol. 



J 2 3 4 1 2 3 4 kb 




A B 

FIG. 1. Autoradiogram of Eco Rl-digested total cellular DNA from single- 
colony isolates of C. neoformans recovered from CSF specimens from patients A 
and B during two successive episodes of meningitis and hybridized with the 
oligonucleotide probe (GGAT) 4 . Lanes 1 and 2 and 3 and 4 show fingerprint 
profiles generated from two single-colony isolates recovered from the same CSF 
sample during the initial and recurrent episodes of infection, respectively. (A) 
Lanes 1 to 4 show profiles generated from isolates A,l, A,2, A„l, and A„2, 
respectively. (B) Lanes 1 to 4 show profiles generated from isolates B,l, B,2, 
B n l, and B„2, respectively. The relative positions of molecular size standards are 
indicated to the right. 



different (data not shown), indicating that each patient was 
infected with a unique strain of C. neoformans. 

Total cellular DNA was purified from three single-colony 
isolates from the initial and recurrent isolate collections recov- 
ered from two AIDS patients (A and B), each of whom expe- 
rienced two successive episodes of meningitis, and DNA fin- 
gerprints were generated as described above. In the case of 
patient A, the hybridization profiles obtained with the three 
isolates recovered during the initial episode of meningitis (data 
for isolates Ajl and A{2 are shown in Fig. 1A, lanes 1 and 2) 
were identical to each other but were clearly significantly dif- 
ferent from the corresponding profiles obtained with the three 
isolates (also identical to each other) recovered during the 
recurrent episode of infection (data for isolates A„l and A, ,2 
are shown in Fig. 1A, lanes 3 and 4). In contrast, the hybrid- 
ization patterns obtained with both sets of isolates recovered 
from patient B were found to be very similar, but some band 
differences were evident. For example, there was a hybridiza- 
tion band with a size of approximately 3 kb, which was present 
in the profiles of the three isolates from the initial episode of 
infection (data for isolates B,l and B,2 are shown in Fig. IB, 
lanes 1 and 2) but was absent in the corresponding profiles of 
the three isolates from the recurrent episode (data for isolates 
B„l and B„2 are shown in Fig. IB, lanes 3 and 4). Direct visual 
analysis of ethidium bromide-stained agarose gels containing 
separated £coRI-generated fragments of genomic DNA from 
the isolates concerned showed that the restriction fragment 
length polymorphism patterns of the recurrent isolates from 
patient B lacked a heavily stained band, also approximately 3 
kb in size, that was present in the restriction fragment length 
polymorphism patterns of the three isolates from the initial 
episode of infection (data not shown). Furthermore, an addi- 
tional hybridization band with a size of approximately 2.8 kb 
was present in the profile of isolate B„l which was not present 
in the profile of isolate B„2 (Fig. IB, lanes 3 and 4). 
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FIG. 2. RAPD products from single-colony isolates of C. neoformans recov- 
ered from CSF specimens from patients A and B during two successive episodes 
of meningitis and amplified with oligonucleotide primer 1 (5'GCGATCCCC 
A3'). Lanes 1 to 3 (isolates A,l to 3) and 8 to 10 (isolates B,l to 3) show RAPD 
profiles generated from three single-colony isolates recovered from the same 
CSF sample from patients A and B, respectively, during the initial episodes of 
infection. Lanes 4 to 6 (isolates A„l to 3) and 11 to 13 (isolates B„l to 3) show 
RAPD profiles generated from three single-colony isolates recovered from the 
same CSF sample from patients A and B, respectively, during recurrent episodes 
of infection. Lane 14, 100-bp DNA ladder size standards (Promega). 
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Analysis of multiple single-colony isolates. In order to in- 
vestigate the possibility that patients A and B may have been 
infected with more than one strain of G neoformans during 
both episodes of meningitis, total cellular DNA was prepared 
from an additional 13 single-colony isolates (9 in the case of 
the initial episode of infection in patient B) recovered, in each 
case, from the same clinical specimens as the isolates used in 
the experiments described above, and then hybridization fin- 
gerprints were generated with (GGAT) 4 . For both patients, 
only a single fingerprint pattern was found for each group of 
single-colony isolates examined. As in the results described 
above, the patterns of the 13 additional A, isolates differed 
considerably from those of the 13 additional A„ isolates, while 
those of the 9 additional B, isolates were almost identical to 
those of the 13 additional B„ isolates. However, whereas the 
A n isolates all yielded identical fingerprint patterns (finger- 
prints from 14 isolates are shown in Fig. 3a), the corresponding 
profiles of the A„ B v and B n isolate collections, respectively, 
although essentially homogeneous, showed numerous subtle 
but distinct minor polymorphisms. An example of the profiles 
obtained with the B„ isolate collection is shown in Fig. 3b. 

RAPD fingerprints of the additional single-colony isolates 
from each isolate collection from patients A and B were also 
generated with primer 2 and primer 3, respectively. The results 
confirmed the findings obtained in the experiments described 
above with three single-colony isolates from each isolate col- 
lection. However, minor polymorphisms were evident in some 
of the RAPD profiles of all four single-colony isolate collec- 
tions, including one single-colony isolate from the recurrent 
episode of infection in patient A (Fig. 4). 

Fluconazole susceptibility of G neoformans isolates. The 
fluconazole susceptibilities of isolates 1 to 3 from the initial 
and recurrent isolate collections for both patients A and B 
were determined by broth microdilution. Isolates A,l to 3, B,l 
to 3, and B„l to 3 yielded an ICg 0 of 32 u,g ml~\ whereas 
isolates A n l to 3 yielded an ICgo of 8 jxg ml -1 . 



The fingerprint profiles of the isolates described above were 
found to be stable after repeated subculture (minimum of eight 
times) of the isolates over a 6-month period. During this time, 
total cellular DNA was prepared from each isolate on three 
separate occasions, and in each instance, fingerprint profiles 
identical to those shown in Fig. 1 were obtained with 
(GGAT) 4 . 

RAPD analysis of recurrent isolates. The RAPD profiles 
generated with primer 1 and target DNA from three single- 
colony isolates from the same clinical specimen examined from 
the initial episode of infection in patient A (A,l, A t 2, and A,3) 
were identical to each other (Fig. 2, lanes 1 to 3). Similarly, the 
corresponding profiles obtained with the target DNA from an 
additional three single-colony isolates from the same clinical 
specimen recovered during the recurrent episode of infection 
(A„l, A„2, and A u 3 [Fig. 2, lanes 4 to 6]) were also found to 
be identical to each other. However, the patterns obtained 
from both sets of isolates were totally distinct. In contrast, the 
RAPD patterns generated with the three isolates examined 
from both the initial and recurrent episodes of meningitis in 
patient B (B^, B^, B t 3, B„l, B n 2, and B I; 3) were all found to 
be identical (Fig. 2, lanes 8 to 13). Additional RAPD experi- 
ments with the same target DNA as that used in the experi- 
ments described above and primers 2 and 3 also generated 
distinct profiles for the three A x and the three A u isolates and 
were unable to discriminate between the three Bj and the three 
B u isolates. RAPD fingerprint profiles were also found to be 
reproducible after repeated subculture of the isolates with 
target DNA prepared on three separate occasions. 



DISCUSSION 

Only a small number of studies have focused on the rela- 
tionship between isolates of C neoformans from successive 
episodes of meningitis in individual patients (8, 17, 22, 23). 
Some of these studies have indicated that relapse of crypto- 
coccal meningitis is due to the persistence of the originally 
infecting strain (17, 22, 23), whereas another study has shown 
that in two separate individuals, recurrence of infection was 
apparently due to reinfection with a novel strain (8). In addi- 
tion, the latter study provided evidence that one patient was 
infected with more than one G neoformans strain during a 
single episode of meningitis. The present study was undertaken 
to confirm these findings by analysis of multiple C neoformans 
single-colony isolates recovered from the same clinical speci- 
men obtained from two patients during each of two successive 
episodes of disease. Fingerprint analysis of genomic DNA with 
the microsatellite sequence-containing oligonucleotide probe 
(GGAT) 4 and RAPD analysis with three separate oligonucle- 
otide primers showed that the six patients included in the study 
were each infected by different C neoformans strains. This is in 
agreement with earlier studies which described the genetic 
heterogeneity of serotype A C neoformans strains (3, 7, 8, 17, 
26, 27). In addition, in the case of the two patients from which 
G neoformans isolates were recovered from specimens taken 
from different anatomical sites during the same episode of 
meningitis, all of the isolates from the same individual yielded 
the same fingerprint pattern. 

Two of the six patients under study (A and B) suffered 
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FIG. 3. Autoradiograms of Eco Rl-digested total cellular DNA from C. neoformans single-colony isolates recovered from the same CSF specimen in the case of 
patients A and B, respectively, during the recurrent episode of meningitis after hybridization analysis with the oligonucleotide probe (GGAT) 4 . (a) Profiles shown in 
lanes 1 to 14 were from single-colony isolates A„l to A, ,14, respectively, (b) Profiles shown in lanes 1 to 16 were from single-colony isolates B„l to B„16, respectively. 
The arrow and arrowhead shown to the left of panel b indicate the relative positions of polymorphic hybridization bands with sizes of approximately 2.6 and 2.9 kb 
present in isolate profiles shown in lanes 1, 4, 6, 7, 8, 9, 14, and 15 and lanes 10, 11, 12, and 15, respectively. 





FIG. 4. Amplified RAPD products from single-colony isolates of C. neofor- 
mans recovered from CSF specimens from patient A during the initial and 
recurrent episodes of infection, (a) Profiles shown in lanes 1 to 7 were from 
single-colony isolates (A t 5 to A,ll) from the same specimen recovered during 
the initial episode of infection, (b) Profiles shown in lanes 1 to 7 were from 
single-colony isolates (A n l to A,,7) from the same specimen recovered during 
the recurrent episode of infection. The positions of the molecular size reference 
markers indicated to the right are in kilobase pairs. The arrowhead and arrow 
shown to the left of panel a indicate the relative positions of polymorphic bands 
with sizes of approximately 0.7 and 0.9 kb present in isolate profiles shown in 
lanes 1, 2, 4, 5, and 7 and 4, 5, 6, and 7, respectively. The arrowhead to the left 
of panel b indicates the position of a single polymorphic band with a size of 
approximately 0.45 kb present only in lane 1. 



relapses in infection within 6 months of clinical resolution of 
the symptoms after therapy. Preliminary experiments were 
performed with three single-colony isolates recovered from 
CSF specimens from patients A and B during each episode of 
disease by both DNA fingerprinting techniques (Fig. 1 and 2). 
The results showed that the (GGAT) 4 -generated hybridization 
patterns obtained with the three single-colony isolates from the 
initial episode of meningitis in patient A, although identical to 
each other, were significantly different from the corresponding 
profiles of the three single-colony isolates recovered during the 
recurrent episode of disease in the same patient. In fact, the 
two sets of profiles, each of which contained >15 clearly re- 
solved hybridization bands, shared no bands in common, 
strongly suggesting that patient A was infected with unrelated 
C. neoformans strains during each episode of meningitis. In 
contrast, the hybridization patterns obtained with the three 
single-colony isolates from both the initial and recurrent epi- 
sodes of infection in patient B were very similar, with the 
majority (—75%) of bands shared in common. These results 
suggested that the same strain of C. neoformans was responsi- 
ble for both episodes of disease. This also suggested that the 
recurrent episode of infection was due to persistence of the 
strain responsible for the initial episode in patient B. However, 
the possibility that patient B was reinfected with the same 
strain from an environmental source cannot be discounted. 

Fluconazole susceptibility data obtained from three single- 
colony isolates from each episode of meningitis in both pa- 
tients A and B showed that isolates from the recurrent episode 
in patient A had a fourfold lower (8 p,g ml" 1 ) fluconazole ICgo 
than that obtained with isolates from the initial episode (32 jxg 
ml" 1 ). In contrast, all six isolates tested from patient B yielded 
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the same fluconazole IC 80 (32 u,g ml -1 ). These results 
strengthen the conclusions derived by fingerprinting analysis 
that the recurrent episode of meningitis in patient A was 
caused by a novel strain, while both episodes in patient B were 
caused by the same strain. 

On the basis of the results described above, it was still pos- 
sible that both patients A and B were infected with two or 
more strains of C. neoformans during each episode of disease 
and that this was not reflected in the single-colony isolates 
tested from primary isolation plates. If two strains were present 
during a particular episode of infection in different relative 
abundance, the chance of detecting a particular strain would 
directly reflect the number of single-colony isolates tested from 
the primary isolation plates. A strain present in low abundance 
relative to a second strain during a particular episode of dis- 
ease in a given patient might not be detected if only a few 
colonies were sampled. A change in the relative abundance of 
the two strains during a subsequent episode of disease, assum- 
ing that both strains persisted between episodes, could lead to 
the conclusion that the recurrent episode was due to a novel 
strain. To unequivocally determine the presence of multiple 
strains during a specific episode of infection would require 
analysis of all of the C. neoformans colonies recovered on 
primary isolation. However, from a routine perspective, this 
would clearly not be practical for logistical reasons. To im- 
prove the chances of detecting the presence of more than one 
C. neoformans strain from each of the specimens obtained 
during both episodes of infection in patient A and from the 
recurrent episode of infection in patient B, a total of 16 single- 
colony isolates from the primary isolation plates were analyzed 
(i.e., an additional 13 single-colony isolates from each speci- 
men). This represented >50% of the total number of C. neo- 
formans colonies recovered from the original specimens in 
each case. In the case of the initial episode of infection in 
patient B, all 12 (i.e., 100%) of the C. neoformans CFU recov- 
ered on primary isolation were analyzed. Fingerprinting anal- 
ysis of the additional single-colony isolates from the initial and 
recurrent specimens from patients A and B confirmed the 
preliminary findings described above with each of three single- 
colony isolates from each episode of infection. The very close 
similarity of the fingerprint patterns obtained with the initial 
and recurrent isolate collections from patient B makes it un- 
likely that this patient was infected by more than one strain of 
C neoformans during each episode of meningitis and suggests 
that both disease episodes were caused by the same strain. 
Furthermore, although the fingerprint patterns obtained with 
the single-colony isolate collections from the initial and recur- 
rent episodes of disease in patient A were totally different from 
each other, the profiles obtained with the 16 isolates compris- 
ing each collection were remarkably homogeneous, apart from 
minor polymorphisms evident in patterns from isolates from 
the initial episode. These findings and the confirmatory data 
obtained by RAPD analysis provided strong evidence that pa- 
tient A was infected with a single strain of C. neoformans 
during each episode of disease and that a different strain was 
responsible for each episode. 

As far as we are aware, the present work and another recent 
report from our laboratories (8) are the only studies which 
have indicated that recurrent episodes of meningitis in the 
same patient can be caused by different strains of G neofor- 
mans. The only other published studies on this subject indicate 
that recurrent episodes of meningitis in the same patient are 
due to persistence of the same C. neoformans strain responsi- 
ble for the initial episode of disease (17, 22, 23). There are 
several possible reasons for the disparity between our results 
and those of previous studies, including different patient man- 



agement and treatment regimens. However, the use of differ- 
ent fingerprinting techniques in the various studies to distin- 
guish between isolates and their relative discriminatory powers 
is probably more important. Each of the fingerprinting probes 
employed to date recognizes different genetic markers and is 
likely to have a different discriminatory ability. 

Failure to detect minor polymorphisms in the single-colony 
isolate collection from the recurrent episode of infection in 
patient A by fingerprinting with the (GGAT) 4 probe was sur- 
prising, given that they were readily detectable in both isolate 
collections from patient B and in the initial isolate collection 
from patient A (Fig. 4a, lane 1). However, minor polymor- 
phisms were evident in the RAPD profiles of one of the 16 
single-colony isolates from the recurrent episode of meningitis 
in patient A. It is possible that some strains of C neoformans 
are inherently more unstable or genetically pleomorphic and 
thus are more prone to generate polymorphisms than others. 
In order to investigate whether the polymorphisms were due to 
genetic instability in vitro, three of the single-colony isolates 
from each isolate collection recovered from patients A and B 
were subcultured at least eight times over a 6-month period, 
and fingerprinting experiments were repeated on three sepa- 
rate occasions with freshly prepared total cellular DNA. The 
results demonstrated that the fingerprint profiles of the single- 
colony isolates were reproducible. Furthermore, storage of 
isolates for a period of at least 6 months at -20°C did not 
detectably affect the fingerprint profiles. All of these results 
demonstrated that the generation of polymorphisms was not 
due to genetic instability in vitro; the generation of polymor- 
phisms is more likely to be a response to unfavorable environ- 
mental conditions in vivo. Similar polymorphisms in Candida 
albicans DNA fingerprint profiles have recently been described 
and have been attributed to the occurrence of microevolution 
(12). 

It has been suggested that C neoformans strains only rarely 
reproduce sexually and that clinical populations of the organ- 
ism are usually clonal in origin (5, 14). In the absence of 
genetic exchange through sexual reproduction, microevolution 
could conceivably confer a selective advantage under unfavor- 
able environmental conditions. 
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occurred in association with probable pneumoconiosis: 
Carasso et al 3 reported a 48-year-old woman with a 
bronchoesophageal fistula due to silicotic mediastinal 
lymphadenopathy, and Frew 4 reported a 51-year-old 
man with a chest roentgenogram suggestive of pneumo- 
coniosis and dysphagia due to a tuberculoma in the 
esophagus. Mediastinal lymph node enlargement due to 
other granulomatous diseases such as sarcoidosis and 
histoplasmosis have been shown to compress the esopha- 
gus. 12 

Although this patient had no specific signs or symp- 
toms of tuberculosis, tissue cultures of the cervical lymph 
nodes grew Af intracellulars The increased incidence of 
Mycobacterium tuberculosis in silicotic patients is well 
known. Also atypical mycobacterial infections appear to 
be more frequent in patients with pneumoconioses. 5 * 6 
Blacks generally have a lower incidence of clinical atyp- 
ical mycobacteriosis than whites, but our patient's silico- 
sis and diabetes mellitus may have increased his risk to 
infection. 5 His anemia of chronic disorders may be re- 
lated to the mycobacteriosis. 7 

Although this patient was lost to follow up by the 
chest service, it is interesting to speculate what the most 
appropriate course of therapy for him would have been. 
We recommended that he undergo a thoracotomy to 
remove the mediastinal lymph nodes compressing the 
esophagus and perhaps reduce the burden of tubercu- 
lous tissue as well. We also would have administered 
chemotherapy with five to six antituberculosis drugs 
because Af intracellular is notoriously resistant to con- 
ventional therapy. 8 Atypical mycobacterioses are even 
more difficult to treat in patients with pneumoconioses. 6 

This is the first reported case, to our knowledge, in 
which silicotic lymphadenopathy complicated by Af in- 
tracellulare infection produced dysphagia by extrinsic 
compression of the esophagus. Silicosis should be con- 
sidered among other granulomatous diseases such as 
mediastinal granuloma, tuberculosis, and sarcoidosis in 
the differential diagnosis of dysphagia. 
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Invasive Aspergillosis Presenting as 
Pericarditis and Cardiac Tamponade* 

John M. Luce, M.D.; Richard C. Ostenson, M.D.; 
Steven C. Sprtngmeyer, M.D.; and 
Leonard D. Hudson, M.D., F.C.Cf. 

A 38-year-old leukemic patient developed pericarditis 
and cardiac tamponade due to Aspergillus niger one 
month after undergoing bone marrow transplantation. 
She failed to improve even though amphotericin B and 
rifampin therapy had been initiated before infection was 
evident Her unique case illustrates both the unusual 
presentations of invasive aspergillosis and the difficulty 
of diagnosing and treating this increasingly common dis- 



Invasive aspergillosis is recognized with increased fre- 
quency among immunocompromised patients. 1 ' 8 
However, recognition often is delayed by the unusual 
and nonspecific manifestations of this condition. We pre- 
sent the case of a bone marrow transplant recipient in 
whom pericarditis and cardiac tamponade were the first 
clinical indications of invasive aspergillosis. 

Case Report 

The patient was a 38-year-old woman with acute myelo- 
monocytic leukemia who was transferred to the Fred Hut- 
chinson Cancer Research Center (FHCRC; UPN907) in sec- 
ond relapse. Previous chemotherapy had included cytarabine, 
6-thioguanine, and daunomycin. Admission laboratory find- 
ings included pancytopenia with a peripheral neutrophil 
count of 150/cu mm. Chest roentgenogram and ECG were 
normal (Fig 1, left). The patient was placed in laminar 
air flow and was given prophylactic oral antibiotics. She was 
prepared for transplantation with 1 xng/kg/body .weight 
of nitrogen mustard followed by 1,200 rads of total body 
irradiation in six divided doses, as per FHCRC protocol. 4 

During preparation, the patient was given intravenous 
carbenicillin and gentamicin for fever. Intravenous am- 
photericin B, 25 mg/day, and rifampin, 300 mg/day, were 
added when blood cultures grew Candida tropicalis. Two 
weeks after admission, the patient received a bone marrow 
transplant from her HLA-matched sibling, who also was 
the source of daily granulocyte infusions. 

The patient's posttransplantation course was complicated 
by an episode of pulmonary edema which was thought to 
be due to pre-existent anthracycline cardiac toxicity and 
fluid overload. Her respiratory status improved with di- 
uretics, and her chest roentgenogram cleared but for a 
small right middle lobe (RML) infiltrate. She then de- 
veloped toxic enteritis which was treated with intravenously 
administered corticosteroids. 

Three weeks after admission, the patient noted anterior 
chest pain which radiated into her throat and was intensi- 
fied in the supine position. The pain was felt to be due to 
Candida esophagi tis after barium swallow disclosed esopha- 
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Figure 1. Chest roentgenograms taken on admission (1A, left), at the time pericarditis be- 
came evident (IB, center), and shortly before death (1C, right). Note progressive increase 
in RML infiltrate and cardiac silhouette caused by invasive aspergillosis. 



geal ulcerations. The pain worsened over the next two days, 
and the patient developed a rapid and irregular pulse. A 
pericardial friction rub then was noted, and chest roentgeno- 
gram revealed that the RML infiltrate had increased and 
now was associated with an enlarged cardiac silhouette 
(Fig. 1, right). An ECG showed low voltage and atrial 
fibrillation, and echocardiogram demonstrated a pericardial 
effusion of approximately 50 ml. 

The patient was taken to surgery, where the right side of 
the chest was entered through a parasternal incision. The 
RML was found to be firm and pale, the pericardium was 
covered with a shaggy exudate, and the pericardial sac con- 
tained 50 ml of serosanguinous fluid. A pericardial window 
was created, and the pericardium and RML were biopsied. 

On microscopic examination, the RML tissue was hemor- 
rhagic and infarcted. Branching, septate hyphae were seen 
on the pleural surface; sheets of the same hyphae were 
found adjacent to and invading the pericardium. Cultures 
of the pericardium and pericardial fluid subsequently grew 
Aspergillus niger. 

Amphotericin B was continued to a total dose of 750 mg, 
and the patient's neutrophil count rose to 700/cu mm, in- 
dicating increased graft function. The patient was stable for 
two days until her cardiac silhouette enlarged even more on 
chest roentgenogram, and she developed a 30-mm para- 
doxical pulse (Fig 1, center). That night, the patient re- 
quired endotracheal intubation and mechanical ventilation 
for worsening cardiopulmonary function. Pericardiectomy was 
planned, but she developed massive hemoptysis and died in 
ventricular fibrillation the following day. 

At autopsy, the patient's pericardium, lungs, pleurae, 
heart, kidneys intestines and thyroid gland were found to 
be involved with Aspergillus. The fungus had invaded the 
aorta and the left main and left anterior descending coronary 
arteries, as well as the proximal right pulmonary arterial tree. 

Discussion 

Invasive aspergillosis is second only to candidiasis of 
the fatal mycoses seen in cancer patients. 3 Although it 
occurs most commonly in persons with neoplasms, as- 
pergillosis also has been reported in immunosuppressed 
persons with sarcoidosis and collagen vascular diseases 
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and in individuals undergoing renal, cardiac, and bone 
marrow transplantation. 1 " 8 Factors predisposing to as- 
pergillosis include granulocytopenia, broad spectrum 
antibiotic therapy, and the administration of cortico- 
steroids. 1 * 2 All of these factors were present in this 
patient. 

Aspergillus characteristically enters the body through 
the respiratory tract. In the lungs, tissue invasion usu- 
ally is manifested by bronchopneumonia or by a dis- 
tinctive pattern of hemorrhagic infarction. Such infarc- 
tion, which was seen in this patient, occurs secondary 
to vascular invasion by mycelial elements with thrombo- 
sis and occlusion of the pulmonary vessels. The fungus 
then may spread from the lungs by direct invasion, or 
more commonly, by hematologic dissemination. 2 

The organs most often involved in disseminated as- 
pergillosis are the lungs, intestine, brain, kidneys, liver, 
esophagus, and heart, in that order. Pericardial involve- 
ment is unusual, occurring in only three of 93 patients 
in a series from the Memorial Sloan-Kettering Cancer 
Center and four of 98 patients from the National Can- 
cer Institute (NCI). 1 ' 2 None of the NCI patients had 
signs or symptoms suggestive of pericarditis or peri- 
cardial tamponade. 2 In 1962, Fraumeni and Fear 8 de- 
scribed a lymphoma patient with distended neck veins 
and pulsus paradoxus, but that is the only reported case 
in which Aspergillus caused an obvious pericarditis. 

Even when the diagnosis of aspergillosis is made, 
treatment often is unsuccessful. Therapy includes the 
administration of amphotericin B, flucytosine, and aero- 
solized nystatin, either alone or in combination. 8 » fl » r 
Rifampin and amphotericin B also have been used to- 
gether. 8 

According to one recent report, the clinical outcome 
of cancer patients with aspergillosis correlates best not 
with the total dose of amphotericin but with the re- 
covery of circulating neutrophils. 1 * 3 Outcome also has 
been reported to improve with early diagnosis and 
treatment. 9 However, this patient already was receiving 
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amphotericin B and rifampin when her aspergillosis be- 
came apparent, and she had achieved partial bone mar- 
row engraftment. Her case underscores the difficulty 
of diagnosing and treating invasive aspergillosis in im- 
munocompromised hosts as well as the unusual mani- 
festations of this disease. 
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Spontaneous Return of Patency 
in a Completely Occluded Coronary 
Artery* 

Neale D. Smith, MJ)., and Henry DeMots, M.D. 

We observed a 56-year-old man in whom an occluded 
right coronary artery was observed to be widely patent 
on a subsequent angiogram 40 months later. This "re- 
gression," which occurred without a change in his risk 
factors, shows mat manipulation of risk factors can be 
proven to be a cause of regression only in controlled 

Serial coronary arteriography has shown that the ex- 
pected course of coronary atherosclerosis is a steady 
and relentless progression of disease. 1 * 4 The rate of 
progression of an individual lesion is highly unpre- 
dictable but there appears to be a relationship between 
the number and severity of risk factors such as cigarette 
smoking, hypertension, and hyperlipoproteinemia and 
the rate of progression of coronary artery disease. 1 '* 
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Regression of atherosclerosis in animals 6 - 7 and in the 
peripheral vessels in man has been shown in response to 
manipulation of the atherogenic stimuli. 8 '* Because it is 
generally presumed that coronary artery disease always 
progresses, or that if regression is possible it occurs only 
after vigorous therapy of atherogenic stimuli, we are 
reporting a patient with a prior inferior myocardial 
infarction in whom angiographic "improvement*' of a 
right coronary artery occlusion was demonstrated. The 
improvement occurred without treatment of known risk 
factors for coronary artery disease. 

Case Report 

The patient is a 56-year-old man who presented to another 
hospital 'with acute chest pain, diaphoresis, and syncope in 
December 1974. The ECG showed evidence of an acute 
inferior myocardial infarction and complete heart block. He 
was treated with intravenous isoproterenol, atropine, and oral 
prednisone. Eight days after myocardial infarction, he had a 
right femoral artery embolus which was uneventfully re- 
moved. 

After discharge from the hospital, he noted persistent 
chest pain and dyspnea on exertion. He was admitted for re- 
evaluation in April 1975. 

He was 177.8 cm (70 inches) tail and weighed 72.3 kg 
(160 pounds). The arterial blood pressure was 115/80 mm 
Hg. The fasting blood sugar level was 90 mg/100 ml. A 
plasma cholesterol determination was not made. 

Coronary arteriography was performed using the Judkins 
femoral percutaneous technique. Cineangiograms were made 
of the right and left coronary arteries in the right anterior 
oblique and left anterior oblique projections. Large film serial 
roentgenograms using a rapid film changer programmed for 
ten exposures in three seconds were made of each coronary 
artery in the lateral, right anterior oblique, and left anterior 
oblique projections. Secobarbital, 100 mg intramuscularly, 
was given prior to the procedure. Nitroglycerin 0.4 mg 
sublingual, was given prior to introduction of the right 
coronary artery catheter. The procedure was accomplished 
without complication; there was no angina during the proce- 
dure. 

The examination revealed a complete occlusion in die 
midportion of the right coronary artery, complete occlusion of 
the left anterior descending coronary artery, and irregularity 
without significant obstruction in the proximal left circumflex 
coronary artery (Fig 1). There was complete morphologic 
consistency of all films. The left ventriculogram demonstrated 
inferior and apical akinesia and an ejection fraction of 0.15. 
Coronary bypass surgery was not recommended because of 
the poor ventricular function and because distal coronary 
arteries suitable for bypass grafting were not identified. 

He was treated with progressively larger doses of pro- 
pranolol until the dose of that medication reached 320 mg per 
day. Digoxin, 0.25 mg, was given dairy and a thiazide 
diuretic was given for a brief period. No other drug therapy 
was used. 

When the patient was first evaluated at our hospital in 
April 1978, he continued to complain of severe angina and 
dyspnea on exertion. In the interim, he had continued to 
smoke IX packs of cigarettes per day as he had done for the 
previous 30 years. He had not changed his diet. His disability 
was such that he engaged in minimal physical activity. 

He weighed 168 pounds. His arterial blood pressure was 
130/85 mm Hg. He had bibasilar rales, an S3, and pedal 
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Colonization and Infection of Newborn Infants Caused by 
Bacteriophage-Group II Staphylococcus aureus Strains 
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A staphylococcal strain which exhibited weak lytic reaction with group II 
phages was isolated from a newborn infant with a skin infection. Subsequent 
investigations established that this weakly reacting strain was responsible for an 
endemic level of infection and colonization within the hospital nursery. The use 
of consistently appearing weak lytic reactions in the evaluation of this episode is 
described. 



Staphylococcus disease in hospital nurseries 
is a continuing concern to those responsible for 
infection control. The approach used in moni- 
toring such infections includes mandatory cul- 
ture of all infections, e.g., wounds, rash, pustules, 
etc., and routine culture of the cord and external 
nares. Staphylococcus aureus strains recovered 

Table 1. 



Patient 


Specimen source 


A 


Pustular rash 


B 


Blood 




Skin lesions 


C 


Nasal (colonization) 




Bullous lesions 


D 


Skin lesions 


E 


Bullous lesions 




Bullous lesions 


F 


Chest tube drainage 




(colonization) 


G 


Nasal (colonization) 


H 


Cord (colonization) 


I 


Nasal (colonization) 




Bullous lesions 


J 


Eye drainage 


K 


Nasal lesions 



" NT, Nontypable 



from such infections are usually tested for anti- 
microbial susceptibility and are often phage 
typed as part of a surveillance program. At a 
large Air Force medical center, we encountered 
an unusual situation in which a "weakly typing" 
group II S. aureus strain was maintained endem- 

f Present address: Department of Biology, Alabama A and 
M University, Normal, AL 35762. 



ically in a nursery and recovered sporadically 
from a series of infections and colonizations of 
newborn infants. The nursery had 31 operating 
bassinets with an average of 71 admissions per 
month during the period of study. This report 
briefly describes the clinical-epidemiological and 
laboratory features of this episode. 



Phage type 



Culture date 

RTD 100 x RTD 



9 February NT" 3AV3C* 

23 March NT 3C* 

27 March NT 3C 1 
3 April NT 3C* 
3 April NT 3C 4 

19 April NT 3CV55* 

28 April NT 3CV55* 
19 April NT 3C + 

5 May NT 3C" 

23 June NT 3C + 

28 June NT 3C* 

28 June NT 3C* 

28 June NT 3C + 

12 July NT 3C* 

9 August 3 A* 3AV3C** 



As a part of the hospital infection control 
program at the U.S. Air Force Medical Center, 
Keesler Air Force Base, Miss., S. aureus isolates 
recovered from hospitalized patients with infec- 
tions are periodically forwarded to the U.S. Air 
Force School of Aerospace Medicine's Epide- 
miology Division laboratory for phage typing. In 
early February, 1978, a female infant was seen 
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at the Pediatric Clinic with a pustular rash over 
the lower abdomen and inner right thigh. Bac- 
teriological examination of the pustular exudate 
was positive for S. aureus. The infant was 
treated with oral dicloxacillin with good clinical 
response. This infant had had an uncomplicated 
nursery stay (22 to 28 January) without appar- 
ent cord colonization with S. aureus. Phage typ- 
ing of the isolate — with the currently accepted 
international set of typing phages 3A, 3C, 6, 29, 
42E, 47, 52, 52A, 53, 54, 55, 71, 75, 77, 79, 80, 81, 
83A, 84, 85, 94, 95, and 96 at routine test dilution 
(RTD) and lOOx RTD (2)— showed no lytic 
reaction at RTD, and only a weak 3AV3C+ lytic 
reaction at lOOx RTD. A review of phage typing 
results of S. aureus isolates cultured from new- 
borns during January and February did not in- 
dicate any similar phage group II patterns. 

The occurrence of this weakly reactive group 
II phage type was not documented again until 
27 March, when an infant, born by repeat cae- 
sarean section on 23 March, developed erythem- 
atous, crusted lesions on the thigh. S. aureus 
was recovered from these lesions and blood cul- 
tures taken shortly after delivery; both isolates 
were characterized by weak lytic reactions with 
typing phage 3C. During the period February to 
August, a total of eight infants, including the 
index case, developed infections (seven involving 
skin lesions and one involving eye infection) 
attributable to the group II phage type, whereas 
three infants were colonized but not infected 
(Table 1). Four of these infections and one ap- 
parent colonization without infection were clus- 
tered during an 8-week period, between 23 
March and 15 May, with no more than 1 week 
separating infections. Infected infants often had 
overlapping nursery stays which would account, 
in part, for the maintenance and endemicity of 
the group II strain. It is not unlikely that one or 
more medical staff personnel may have been 
colonized with this strain and served as a reser- 
voir for dissemination as well. 

The observation that group II staphylococci 
are frequently associated with skin infections in 
infants has been well documented (1, 3, 4). The 
clinical severity of these infections can range 
from a localized bullous impetigo to a more 
widespread involvement with or without exfol- 
iation. The value of weak typing reactions in 
evaluating strains which exhibit apparently dis- 
similar strong reactions has been described (2). 
The strains encountered at the Keesler Medical 
Center were unusual, in that, with one exception, 
strongly reacting group II strains were never 
associated with endemic infection or coloniza- 
tion during this period. However, the group II 
strains recovered consistently produced weak 



(± to +) reactions when tested at lOOx RTD. It 
should be noted that propagating strain controls 
were included with each series of strains for 
phage typing to determine whether the RTD 
was satisfactory for use. Additionally, phage 
stocks used for the preparation of test dilutions 
(RTD) were as received from the Center for 
Disease Control, Atlanta, Ga., and had not been 
further propagated in our laboratory. A review 
of phage typing reactions of strains submitted 
from more than 35 Air Force hospitals in the 
United States indicated that the strain had been 
encountered only occasionally. Fortunately, dur- 
ing the episode reported here, infections were 
localized for the most part, and all infants re- 
sponded readily to treatment with intravenous 

Table 2. Occurrence of other S. aureus phage types 
among newborn infants, U.S. Air Force Medical 
Center, Keesler Air Force Base, Miss. (January to 
August 1978) 



Patient 


Specimen 
source 


Culture 


Phage type 


date 


RTD 


100 x RTD 


1 


Nose 


3 January 


6/47/54/75 




2 


Nose 


13 January 


NT° 


6/42E/47/- 










53/54/75 


3 1 


Eye drain- 


16 January 


29/52/52A/ 






age 




80/55/71 




3 


Cord 


16 January 


29/52/80/ 










55/71 




4 


Cord 


16 January 


NT 


NT 


5 


Nose 


23 January 


96 




6 


Nose 


23 January 


54/75 




7 


Nose 


23 January 


54/75 




8 


Nose 


23 January 


47/54/75 




9 


Nose 


30 January 


96 




10 


Nose 


30 January 


NT 


NT 


11 


Nose 


23 March 


NT 


NT 


12 


Nose 


3 April 


6/47/75/83A 




13 


Nose 


10 April 


94/96 




14 


Nose 


10 April 


NT 


NT 


15 


Unknown 


10 April 


NT 


55 


16 


Unknown 


10 April 


95 




17 


Cord ! 


24 April 


NT 


NT 


18 


Cord 


24 April 


NT 


NT 


18 


Nose 


24 April 


NT 


NT 


19 


Wound 


24 April 


95 






drainage 








20 


Cord 


24 April 


6/47/75/83A 




21 


Nose 


11 May 


NT 


NT 


22 


Nose 


22 May 


96 




23 


Nose 


22 May 


96 




24 


Nose 


6 June 


NT 


NT 


25 


Nose 


18 July 


NT 


NT 


26 


Nose 


31 July 


NT 


NT 


27 


Wound 


31 July 


47/54/85 




28 


Nose 


31 July 


NT 


NT 


29 


Nose 


17 August 


47/54/75 




30 


Unknown 


17 August 


47/54/75 




31 


Nose 


28 August 


NT 


NT 


32 


Nose 


28 August 


NT 


NT 


33 


Unknown 


28 August 


NT 


NT 


34 


Nose 


28 August 


47/54/75 





■ NT, Nontypable. 
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methicillin, usually followed by a 10-day regimen 
of oral dicloxacillin. No deaths were recorded. 
Although no new control measures were insti- 
tuted during the period of these infections, in- 
creased bacteriological monitoring of S. aureus 
colonization among newborn infants was fol- 
lowed, and hand washing by personnel between 
each infant contact was reinforced. Other S. 
aureus phage types, isolated from newborn in- 
fants, were not related to the group II strains 
(Table 2). There was no unusual increase in the 
S. aureus colonization rate throughout this time. 

This experience emphasizes the importance 
that S. aureus infections in the newborn nursery 
should be monitored, with special emphasis 
placed on group II strains such as the one de- 



scribed. The laboratory should make available 
comprehensive phage typing results recording 
strong and weak lytic reactions for all strains 
found nontypable at RTD. 
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Soft-Tissue Infection Due to Mycobacterium smegmatis: Report of Two Cases 
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Mycobacterium smegmatis is an uncommon pathogen in humans. Fourteen cases of skin or 
soft-tissue infection due to M. smegmatis have been previously reported. We report two cases of 
posttraumatic M. smegmatis infection of the lower extremity. M. smegmatis infection produces 
chronic cellulitis with fistula formation that is most commonly a result of direct traumatic inocu- 
lation of contaminated material. Extensive surgical debridement followed by skin grafting has 
been necessary for cure in the majority of cases. 



E. Mycobacterium smegmatis, a rapidly growing mycobacte- 
ria rium, is an uncommon cause of disease in humans. The first 
^well-described case involving a human was that of a patient 
fewith M. smegmatis pieuropulmonary infection and was re- 
j| ported by Vonmoos et al. [ I ] in 1 986. Since then, the cases of 
25 additional patients with M. smegmatis infection, 14 of 
p. which had skin or soft-tissue infection, have been reported 
I [2-4]. Among the rapidly growing mycobacteria, M. smeg- 
|| matis is now considered second only to the Mycobacterium 
\ fortuitum complex as a cause of human disease [5], 

t 

S Case Reports 

fir 

p:- Patient I. A 21-year-old man was involved in an acci- 
fg;dent during which he was ejected from a motor vehicle and 
I sustained closed fractures of the left scapula and the right 
jr first rib as well as a small puncture wound of the distal left 
jl leg The puncture wound was irrigated and cleaned of debris 
Jjj'.on the day of injury. Six weeks later the patient presented to 
M ,the orthopedic clinic at our facility (Naval Hospital, San 
i\r* e g°) with complaints of draining of the left-leg lesion of 4 
weeks' duration and painful left inguinal lymphadenopathy 
E\'of 3 days' duration. The patient denied experiencing fever, 

c hills, night sweats, or weight loss. 
|| Physical examination on admission revealed a tempera- 
lure of 36.8°C and a normal pulse and blood pressure. A 
^arm, erythematous area that measured 9 X 9 cm was pres- 
* m on the lateral aspect of the distal left leg and ankle. 
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Within this area was a fluctuant mass (1.5 X 2 cm) with 
central ulceration and seropurulent drainage. Tender, non- 
fluctuant left inguinal lymphadenopathy with lymphangitic 
streaking was also present. Radiographs of the distal left tibia 
revealed periosteal elevation, and a radionuclide bone scan 
showed intense focal uptake in the medial portion of the left 
tibia and in the surrounding soft tissue. 

The patient underwent operative debridement, and exten- 
sive soft-tissue and periosteal necrosis was noted. Gram 
staining of the debrided tissue revealed many polymorphonu- 
clear leukocytes but no organisms. Zieht-Neelsen staining 
was not performed. The patient's wound healed normally, 
and on the 9th postoperative day acid-fast bacilli were noted 
in cultures of specimens obtained during the operative de- 
bridement. Therapy with cefoxitin (2 g iv every 8 hours) and 
amikacin (640 mg iv every 12 hours) was begun empirically. 
Disk diffusion testing of the bacilli showed marked sensitiv- 
ity to trimethoprim-sulfamethoxazole (TMP-SMZ); conse- 
quently, the antibiotic regimen was changed to 1 tablet of 
TMP-SMZ three times a day. A follow-up visit at 8 weeks 
showed resolution of the cellulitis with a heated surgical 
wound, and administration of antibiotics was discontinued. 
Clinical resolution of the tibial osteomyelitis was also noted, 
and the patient was still well 7 months after discontinuation 
of antibiotic therapy. The cultured organism was later identi- 
fied as M. smegmatis. 

Patient 2. A 29-year-old severely obese woman was in- 
volved in a motor vehicle accident and sustained an avulsion 
injury (25 X 30 cm) of the anterior left thigh, an open lacera- 
tion of the right prepatellar bursa, and a traumatic left knee 
arthrotomy. She was treated at a local hospital, where large 
amounts ofsand and gravel were removed from the wound at 
initial debridement. Administration of ampicillin, gentami- 
cin, and clindamycin was started empirically. Three days 
later the patient was transferred to our facility; upon arrival 
she was febrile (temperature, 38.8°C), tachycardiac (heart 
rate, 1 18), and hypotensive (blood pressure, 88/52 mm Hg). 
Initial examination revealed that the large avulsion injury 
contained small areas of necrotic tissue and foreign debris; 
debridement was repeated. Pseudomonas aeruginosa grew in 
cultures of the intraoperative specimens, and antibiotic ther- 
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apy was changed to administration of licarcillin/clavulanate 
(3. 1 g iv every 4 hours). Thereafter, the wounded area pro- 
gressively improved. Split-thickness grafting of skin was per- 
formed 18 days after the third debridement, and the patient 
was discharged 2 weeks later. 

One month after discharge the patient developed cellulitis 
of the posterolateral aspect of her left thigh, which was empir- 
ically treated with dicloxacillin (500 mg po four times a day). 
Painful, fluctuant nodules developed within the area of cel- 
lulitis, and open drainage was performed. Gram staining re- 
vealed many polymorphonuclear leukocytes but no organ- 
isms. Routine cultures were negative. Acid-fast staining of 
the debrided tissue was not performed. After 4 months of 
persistent cellulitis, the patient was readmitted for further 
evaluation. Examination revealed an erythematous, warm, 
brawny area of cellulitis (15 X 25 cm) in the left popliteal 
fossa and posterolateral thigh. Multiple well-formed sinus 
tracts draining purulent material were present. A radionu- 
clide bone scan and an indium-labeled leukocyte scan 
showed intense uptake in the medial femoral condyle that 
was suggestive of osteomyelitis, but a magnetic resonance 
imaging scan revealed no abnormalities. Ultrasonography 
revealed an abscess cavity measuring 2.4 X 2 cm within the 
area of cellulitis, which yielded 8 mL of purulent fluid on 
needle aspiration. Gram staining of the fluid showed many 
polymorphonuclear leukocytes with several beaded gram- 
positive bacilli. Modified Kinyoun carbolfuchsin staining 
was strongly positive for acid-fast bacilli. The organism was 
presumptively identified as a Nocardia species; the patient 
was discharged and continued therapy with TMP-SMZ (1 
tablet three times a day). 

One month later, the patient continued to have pain in 
and drainage from the thigh lesion. The organism originally 
isolated had meanwhile been identified as;W. smegmatis. An- 
tibiotic therapy was changed to the administration of doxycy- 
cline ( 100 mg po twice a day) and ciprofloxacin (750 mg po 
twice a day) on the basis of sensitivities demonstrated by disk 
diffusion. The patient continued to have seropurulent drain- 
age from the sinus tracts and required surgical debridement. 
Extensive necrosis of the subcutaneous tissue that extended 
to the muscular fascia was noted during surgery. At the time 
of this writing, the patient was receiving maintenance ther- 
apy with ciprofloxacin and doxycycline and was being ob- 
served for clinical evidence of recurrent infection. 

Discussion 

M. smegma t is was isolated initially from syphilitic 
chancres in 1884 by Lustgarten [6] and, 1 year later, from 
normal human genital secretions (smegma) by Alvarez and 
Tavel [7]. This organism has subsequently been recognized 
as an environmental saprophyte; Tsukamura [8] identified 
M. smegmatis in 25 (38%) of 66 Japanese soil samples. It is 
interesting that M. smegma/ is has not been isolated from ei- 



ther normal or pathogenic human genital secretions since its 
initial isolation by Alvarez and Tavel in 1885 [2]. 

M. smegmatis, a rapidly growing mycobaclerium, is micro- 
biologically similar to M.fortuitum in that it grows on Mac- 
Conkey medium without crystal violet, reduces nitrate, and 
demonstrates iron uptake. However, it can be differentiated 
from M.fortuiium by its growth at 45°C, the negativity 0 fa 
3-day test for arylsulfalase, and the delayed formation of pig- 
ment at 2 weeks (in 50% of isolates). 

As late as 1979, M. smegmatis was felt to be nonpatho- 
genic in humans [9]. The first human infection was reported 
in 1 986 by Vonmoos et al . [ 1 ], who described a patient with 
M. smegmatis pleuropulmonary infection. The first report of 
cutaneous disease was published in 1988 by Wallace et al. 
[2], who reported that 22 clinical isolates had been referred 
to their lab over a 7-year period. Eleven of these isolates were 
from patients with cutaneous or soft-tissue infection. A brief 
description of the patient's medical history accompanied 
each isolate, but details on the clinical course or response to 
therapy were not provided. 

Plausand Hermann [3] subsequently reported two cases of 
soft-tissue infection due to M. smegmatis in 1991. Both pa- 
tients abused anabolic steroids and developed anterior thigh 
abscesses at the injection site after using a common bottle of 
veterinary-grade slanozolol that was contaminated with M. 
smegmatis. The patients were treated with erythromycin and 
amikacin for 2 weeks and then with ciprofloxacin for an ad- 
ditional 6 weeks, but their conditions failed to improve; ag- 
gressive debridement followed by skin grafting was required. 
This procedure resulted in apparent eradication of the infec- 
tion, as both patients were clinically disease-free 6 months 
after debridement. 

An additional case of cutaneous infection was reported by 
Roger et al. [4] in 1991. This patient sustained a puncture 
injury to the ankle while gardening and developed extensive 
cellulitis with suppuration. The patient was treated with 
various antibiotic combinations to which the isolate was sen- 
sitive in vitro, but failed to respond and required aggressive 
surgical debridement with subsequent skin grafting. 

In summary, A/, smegmatis is a rare but clinically signifi- 
cant environmental pathogen and should be considered in 
the diagnosis of chronic cutaneous or soft-tissue infection. A 
history of a soil-contaminated wound should raise the clini- 
cal suspicion of infection with this pathogen. Extensive sur- 
gical debridement followed by skin grafting has been neces- 
sary for the eradication of infection for most patients. 
Adjunctive antibiotic therapy should be considered and can 
be chosen on the basis of in vitro sensitivity data [10]. 
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Pseudomonas cepacia is recognized as an opportunistic pathogen in immunocompromised patients. We 
screened 120 strains of P. cepacia isolated from clinical specimens for production of extracellular products. 
About 70% of these strains produced lipase, protease, and lecithinase, but only 4% produced hemolysin. A 
hemolysin produced by P. cepacia JN106 was characterized. The hemolysin was most active against human 
erythrocytes. Horse, sheep, chicken, and rabbit erythrocytes were also susceptible. The hemolysin was heat 
labile and was inhibited by sterols but was not activated by 2-mercaptoethanol and dithiothreitol. Four 
hemolysin-negative mutants obtained by iV-memyl-^'-nitro-N-nitrosoguanidine treatment produced the other 
extracellular products. A 58-kilobase-pair plasmid found in the parent strain was also found in the mutant 
strains, suggesting that the hemolysin gene resides on the chromosome. 



In the genus Pseudomonas, Pseudomonas cepacia has the 
most versatile ability to catabolize various organic com- 
pounds (24). It is highly resistant to many antibiotics and 
disinfectants and has been isolated with increasing fre- 
quency from clinical specimens and hospital environments 
(3, 6, 20, 27). The species is recognized as an opportunistic 
pathogen and is associated with various types of nosocomial 
infections (4, 7, 22, 27). In addition, P. cepacia now com- 
plicates cystic fibrosis (13). 

There are few reports on the virulence factors of P. 
cepacia. McKevitt and Woods (19) have reported the pro- 
duction of virulence factors by 48 strains of P. cepacia 
isolated from patients with cystic fibrosis. A majority of 
strains produced protease and lipase, and about one-half of 
the strains produced smooth lipopolysaccharide. On the 
other hand, none of the strains produced elastase, 
cytotoxins, or ADP-phosphoribosyl transferase. 

This study was initiated to determine the virulence factors 
of P. cepacia. One hundred and twenty strains isolated from 
clinical specimens were screened for extracellular products. 
In addition, a hemolysin produced by one of the strains was 
characterized. 

MATERIALS AND METHODS 

Bacterial strains. One hundred and four strains of P. 
cepacia isolated from clinical specimens in Juntendo Uni- 
versity Hospital, Tokyo, Japan, from 1983 to 1984 were 
generously provided by T. Oguri and J. Igari. Among 79 
strains of known origin, 15 strains were isolated from spu- 
tum, 12 strains from pus, 11 strains from urine, and 9 strains 
from cerebrospinal fluid; and 4 strains each were from blood, 
catheters, and drain tubes. Other strains were provided by S. 
Oiye, Yamaguchi University Hospital, Ube, Yamaguchi, 
Japan, and E. Yabuuchi, Gifu University, Gifu, Japan. 
Identification of strains was confirmed by biochemical tests 
(9). Strains were stored in sterile glycerol solution (10% 
[wt/vol]) at -80°C. 

Detection of extracellular products. Protease (28), elastase 
(23), and lecithinase (8) were determined by plate assays; 
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lipase production was determined by Tween 80 hydrolysis 
(26); and hemolysin production was determined by using 
plates containing 7.5% defibrinated sheep blood in heart 
infusion agar (Eiken Co. Ltd., Tokyo, Japan). Results were 
determined after incubation at 28°C for 48 h. 

Preparation of crude hemolysin. Cells were grown in 
nutrient broth (Difco Laboratories, Detroit, Mich.) or dialy- 
sate of brain heart infusion broth (Eiken Co.) for about 48 h 
at 28°C with shaking. When the A M of the culture reached 
1.5, the culture supernatant was obtained by centrifugation 
(9,000 x g f 10 min). Crude hemolysin was prepared by 
ammonium sulfate fractionation and by taking the fraction 
between 20 and 60% saturation. This fraction was then 
dialyzed against 10 mM Tris hydrochloride (pH 7.4). The 
preparations of culture supernatant and crude hemolysin 
were stored at -80°C until use. Protein concentrations were 
determined by the method described by Lowry et al. (18). 

Hemolysin assay. The hemolysin assay mixture contained 
10 mM Tris hydrochloride (pH 7.4)-160 mM NaCl (hemoly- 
sin assay buffer), 2% suspensions of sheep erythrocytes that 
had been washed with saline, and an appropriate volume of 
sample containing hemolysin in a total volume of 2 ml. 
Control experiments for spontaneous lysis or complete lysis 
were carried out without hemolysin and with 0.2% sodium 
dodecyl sulfate, respectively. Reaction mixtures were incu- 
bated at 37°C for 10 min and chilled on ice for 2 min to stop 
the reaction. The unlysed erythrocytes were removed by 
centrifugation at 1,500 x g for 2 min, and the A 530 of the 
supernatant was determined. The activity resulting in 50% 
hemolysis of 2 ml of 2% sheep erythrocyte suspensions was 
defined as 1 hemolytic unit (HU). 

Studies on effects of various reagents on hemolysin. The 
culture supernatant of strain JN106 (8 HU/ml) was preincu- 
bated at 0°C for 2 h with N-ethylmaleimide (1 mM), p- 
chloromercuribenzoate (1 mM), 2-mercaptoethanol (1 mM), 
dithiothreitol (1 mM), or disodium EDTA (1 mM and 10 
mM); and the residual activity was determined. The effect of 
CaCl 2 on hemolysin was determined by the addition of 1 or 
10 mM CaCl 2 to the assay mixture. Sterols were dissolved in 
ethanol to make a 5 mM solution which was serially diluted 
with hemolysin assay buffer just before use. A small volume 
of crude hemolysin was added to 1 ml of sterol solution and 
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TABLE 1. Extracellular products produced by 120 clinical 
isolates of P. cepacia 

Z T, No. of 

Extracellular positive 
product- strains (%) 

Protease 83 (69) 

Lecithinase 80(67) 

Lipase 88 (73) 

Hemolysin 5 (4) 

Elastase 0 (0) 

• Extracellular products were determined by plate assays, as described in 
the text. 



incubated at 0°C for 30 min. Then, the hemolysin activity 
was determined under standard assay conditions. 

Mutagenesis. An overnight culture (4 ml) of P. cepacia 
JN106 was incubated with 12 ml of fresh nutrient broth at 
28°C for 4 h with shaking. Cells were harvested by centrif- 
ugation, washed once with 0.1 M citrate buffer (pH 5.0), and 
suspended in 8 ml of the same buffer. Ar-Methyl-N'-nitro-N- 
nitrosoguanidine (NTG; 2 ml) was added to a final concen- 
tration of 1 mg/ml, followed by incubation at 28°C for 90 min 
without shaking. To screen hemolysin-negative mutants, 
cells were washed twice with carbon source-free M9 medium 
(5) and spread on sheep blood-agar plates, which were 
incubated at 28°C. About 0.5% of the cells remained viable 
after NTG treatment. 

Isolation of plasmid DNA and digestion with restriction 
enzyme. Plasmid DNA was isolated by the method of Kado 
and Liu (15). DNA was subjected to 0.7% agarose gel 
electrophoresis in Tris-borate buffer (89 mM Tris, 2.5 mM 
EDTA, 89 mM boric acid [pH 8.0]) at a constant 100 V. Gels 
were stained with ethidium bromide (1 jig/ml) and photo- 
graphed. Digestion of plasmid DNA with BamUl (Takara 
Shuzo Co. Ltd., Kyoto, Japan) was performed by the 
method of the supplier. 

RESULTS 

Detection of extracellular products. One hundred and 
twenty clinical isolates of P. cepacia were screened for the 
production of protease, lecithinase, lipase, hemolysin, and 
elastase (Table 1). The majority of strains produced prote- 
ase, lecithinase, and lipase. Only 5 strains produced hemo- 
lysin, as indicated by a clear zone of hemolysis around the 
colonies on sheep blood-agar plates. All the hemolysin- 
producing strains also produced protease, lecithinase, and 
lipase. None of the strains produced elastase. Among 120 
strains, 30 strains did not produce any of the extracellular 
products described above. 

Characterization of hemolysin produced by P. cepacia 
JN106. Because hemolysins produced by various bacteria 
are known to be involved in bacterial virulence, we charac- 
terized the P. cepacia hemolysin produced by strain JN106. 

TABLE 2. Sensitivity of erythrocytes from various animal 
species to strain JN106 hemolysin 0 

Source of Relative 
erythrocytes sensitivity (%) 

Human 195 

Horse 142 

Sheep 100 

Chicken 97 

Rabbit 77 

° Culture supernatant (8.8 HU/ml) was used. 




PH 

FIG. 1. Effect of pH on hemolysin activity. The culture super- 
natant of P. cepacia JN106 (8.0 HU/ml) was incubated with 2% 
sheep erythrocyte suspensions in 10 mM buffers of various pHs 
containing 160 mM NaCl. Symbols: sodium acetate buffer; O, 
sodium phosphate buffer; □, Tris hydrochloride buffer; ■, glycine* 
NaOH buffer. 



When the cells of JN106 were grown in nutrient broth or in 
dialysate of brain heart infusion broth at 28°C for 48 h 
without shaking, the culture supernatant contained approx- 
imately 8 HU of hemolysin per ml. On the other hand, the 
activity could not be detected when the cells were grown 
with snaking but, otherwise, under the same conditions. 

About 60% of the hemolysin activity in the culture super- 
natant was recovered by ammonium sulfate fractionation in 
the fraction from 20 to 60% saturation. Attempts to purify 
the hemolysin by gel chromatography or ion-exchange col- 
umn chromatography were hindered by aggregation of the 
hemolysin (data not shown). 

For the standard assay of hemolysin, sheep erythrocytes 
were used. In addition to sheep erythrocytes, the hemolysin 
showed cytolytic activity against human, horse, chicken, 
and rabbit erythrocytes (Table 2). Human erythrocytes were 
twofold more sensitive to the hemolysin than were sheep 
erythrocytes. 

The effect of pH on hemolysin activity was determined 
with the culture supernatant, which showed the highest 
activity at pH 5.5. This was twice as much as the activity at 
pH 7.4 (Fig. 1). 

Inactivatlon studies. The hemolysin was heat labile, and 94 
and 97% of the activity was lost by heat treatment at 56°C for 
30 min or 100°C for 5 min, respectively (Table 3). 

The activity of hemolysin against sheep erythrocytes was 
not affected by N-ethylmaleimide, p-chloromercuribenz- 
oate, 2-mercaptoethanol, dithiothreitol, EDTA, or CaCl 2 . In 
addition, the hemolysin was not activated by 1 mM dithio- 
threitol, even after incubation at 4°C for 15 h. 

Inhibition of hemolysin by sterols. Cholesterol and 7- 
dehydrocholesterol completely inhibited hemolysin activity 
at a concentration of 3 u,M, and 50% inhibition was observed 
on the addition of 0.5 u.M of the sterols (Fig. 2). In addition, 
ergosterol, dihydrocholesterol, and stigmasterol showed 
50% inhibition at concentrations of 3 to 5 u.M. Concentra- 



TABLE 3. Heat stability of strain JN106 hemolysin 

«r«.«..™t« Residual 
TrCatmCnt activity (%) 

100°C, 5 min 3^2 

100°C, 20min 1.8 

56°C, 30 min 5.6 

a A total of 0.1 ml of crude hemolysin (10 HU) was dissolved in hemolysin 
assay buffer and incubated under various conditions. 
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tions of sterols to give 50% inhibition were variable, depend- 
ing on the hemolysin preparations. No inhibition was ob- 
served by 50 u,M dehydroepiandrosteron, pregnenolone, or 
estradiol (data not shown). 

Isolation of hemolysln-negative mutants of JN106. P. 
cepacia JN106 produced protease, lecithinase, and lipase, in 
addition to hemolysin. To establish that the hemolysin 
activity was not associated with the other extracellular 
products, hemolysin-negative mutants were isolated after 
NTG treatment. By screening 1,500 clones, 4 hemolysin- 
negative mutants were obtained (Table 4). The mutant JN106 
did not produce any hemolysin, as judged by plate or tube 
assay, by using a sample of the 20 to 60% ammonium sulfate 
fraction containing 0.25 mg of protein. In contrast, the same 
ammonium sulfate fraction of the parent strain (crude hemo- 
lysin) had approximately 40 HU/mg of protein. Other mu- 
tants appeared to be slightly leaky, producing a narrow 
hemolytic zone on plates after incubation for 4 days at 28°C. 
Other extracellular products were produced normally by the 
mutants, except for mutant JN1075, which did not produce 
protease (Table 4). These results indicate that the hemolysin 
activity of P. cepacia JN106 is not associated with the other 
extracellular products. 

Plasmid analysis of JN106. Strain JN106 was found to carry 
a plasmid of approximately 58 kilobase pairs, based on the 
size of restriction fragments produced by digestion with 
ZtamHI. All the mutant strains also carried a plasmid of the 
same size as that carried by the parent strain. It was assumed 
that the plasmid was not involved in the hemolysin synthesis 
of JN106. 

DISCUSSION 

The results of the survey of extracellular products of 120 
strains of P. cepacia described in this report coincided well 
with those of McKevitt and Woods (19), who screened for 
extracellular products of 48 strains of P. cepacia isolated 
from patients with cystic fibrosis. It appears, therefore, that 
the described pattern of extracellular products (Table 1) may 
represent the pattern of P. cepacia populations of clinical 
origin. Gonzalez and Vidaver (11) reported that onion mac- 
eration tests and pectolytic activity at low pHs were positive 
in strains of plant origin, whereas these activities were 
negative or minimal in strains of clinical origin. 

Hemolysin is considered to be one of the virulence factors 
of several bacteria such as Streptococcus pyogenes (1) 
Staphylococcus aureus (14), Vibrio parahaemolyticus (21), 
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FIG. 2. Effect of sterols on P. cepacia hemolysin. Crude hemo- 
lysin (1 HU) was incubated with various concentrations of sterols. 
Symbols: O f cholesterol; 7-dehydrocholesterol; Q, dihydro- 
cholesterol; ■> ergosterol; A, stigmasterol. 



TABLE 4. Properties of hemolysin-negative mutants of 
strain JN106 



Production of 1 : 

Strain 





Hemolysin 


Protease 


Lecithinase 


Lipase 


JN106 (wild type) 


+ 


+ 


+ 


+ 


JN1066 


±* 


+ 


+ 


+ 


JN1067 




+ 


+ 


+ 


JN1070 


± 


+ 


+ 


+ 


JN1075 






+ 


+ 



° Extracellular products were determined as described in the text. 
* Slight hemolysis was found after incubation for 4 days. 



Vibrio vulnificus (16), Escherichia coli (29), and Pseudomo- 
nas aeruginosa (17). The heat-labile hemolysin produced by 
P. aeruginosa is phospholipase C, which catalyzes the 
hydrolysis of phosphatidylcholine (lecithin) to phospho- 
rylcholine and diacylglycerol (2). The hemolysin-producing 
strain P. cepacia JN106 also produced lecithinase, as deter- 
mined by the egg yolk reaction. Association of the hemolytic 
activity with lecithinase is unlikely, because hemolysin- 
negative mutants still produced lecithinase. 

The hemolysin produced by strain JN106 was inhibited by 
several sterols. Cholesterol and 7-dehydrocholesterol 
showed the strongest inhibition of the hemolysin. The inhi- 
bition pattern of P. cepacia hemolysin by sterols was very 
similar to that of streptolysin O, a representative of thiol- 
activated and cholesterol-binding cytolysins (25). In contrast 
to streptolysin O, however, the P. cepacia hemolysin was 
not activated by 2-mercaptoethanol or dithiothreitol. Hemo- 
lysin produced by V. vulnificus is also not affected by 
2-mercaptoethanol or dithiothreitol, although it is inhibited 
by cholesterol (12). 

Results of many studies have shown that the genetic 
determinants for certain virulence factors are carried by 
plasmids. For example, E. coli strains of animal origin carry 
a hemolysin gene on a plasmid (10). We analyzed strain 
JN106 and found that it contains a 58-kilobase-pair plasmid. 
The hemolysin determinant, however, is unlikely to reside 
on the plasmid, because hemolysin-negative mutants still 
carry the plasmid. 
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Introduction 

Originally named following its identification as 
a cause of soft rot in onions, Burkholderia cepacia 
has also been known as Pseudomonas multivorans 
and Pseudomonas kingae [1,2], and until most 
recently, as Pseudomonas cepacia [3]. A proposal 
for the transfer of 7 species of the genus Pseu- 
domonas RNA Homology group II to a new 
genus Burkholderia with the type-species 
Burkholderia cepacia has been validated [3]. For 
the purpose of this review the name B. cepacia 
will be used. 

Once considered solely as a phytopathogen, B. 
cepacia is now recognized as an important 
pathogen in nosocomial infection and in patients 
with chronic granulomatous disease and particu- 
larly in those with cystic fibrosis (CF). CF is the 
most common autosomal recessive lethal disease 
in Caucasian populations with an incidence of 
approximately 1 in 2500 live births and a carrier 
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frequency of 1 in 20. The basic cause of the 
pathophysiological symptoms of CF is a defect in 
epithelial ion transport which results in viscous 
dehydrated bronchopulmonary and gastrointesti- 
nal secretions. Build-up of viscid mucus is associ- 
ated with impaired mucociliary clearance and 
susceptibility to bacterial colonization which in 
turn initiates a vicious cycle of chronic inflamma- 
tory reaction. The susceptibilty of CF patients to 
pulmonary colonization has been recognised since 
the earliest descriptions of the disease when pa- 
tients seldom survived infancy. Advances in man- 
agement of CF have meant that today most pa- 
tients survive to early adulthood. However, this 
increased longevity has in part created its own 
problems including the emergence of new oppor- 
tunistic pathogens, including and most notably, 
B. cepacia. 

The last decade has seen B. cepacia emerge as 
a particular problem amongst patients with CF, 
where colonization may be symptomless or asso- 
ciated with a slow decline in lung function. A 
more serious clinical outcome, not observed with 
other CF pathogens, in which some colonized CF 
patients experience B. cepacia bacteraemia and/ 
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or succumb to an accelerated and fatal deteriora- 
tion in pulmonary function [4-7], is central to the 
current concern over B. cepacia in the CF com- 
munity. 

Based on nucleic acid homology, B. cepacia is 
more closely related to B. pseudomallei, B. mallei 
and B. gladioli than to P. aeruginosa and other 
fluorescent pseudomonads, and was. placed in the 
separate subgroup, Pseudomonas RNA homology 
group II. B. cepacia is nutritionally versatile, with 
minimal growth requirements and the ability to 
survive in unfavourable environments: it has been 
isolated from disinfectants and antiseptics and 
can even use penicillin G as a nutrient [8-11]. 
The organism is intrinsically resistant to most 
antibiotics, and even if individual strains show in 
vitro susceptibility to an antibiotic, there is little 
clinical response [10,12-15]. 

In contrast to the large amount of information 
on P. aeruginosa virulence factors, knowledge of 
the virulence factors and pathogenesis of B. cepa- 
cia is scanty. Animal models have indicated that 
B. cepacia is less virulent than P. aeruginosa [16]. 
The aim of this review is to discuss the main 
features and properties of B. cepacia and, in 
particular, to focus on those which may con- 
tribute to its ability to colonize patients with CF. 



Colonization and adherence 

The ability of a potential pathogen to adhere 
to the host mucosal or epithelial cell surfaces is 
often pivotal in the subsequent establishment of 
infection. Few potential adhesins have been de- 
scribed for B. cepacia, and most attention to date 
has been focused on the adhesive properties of 
fimbriae. 

Electron microscope studies have shown that 
approximately 60% of B. cepacia strains express 
peritrichous fimbriae (see Fig. 1) [17,58]. Other 
B. cepacia strains possess polar fimbriae, similar 
to those expressed by B. aeruginosa [18]. Kuehn 
et al. [17] showed that outer membrane protein 
preparations of B. cepacia were enriched with 3 
proteins (16, 20 and 40 kDa) which were not 
present in a non-fimbriated strain. The fimbrial 
subunit was identified as the 16 kDa protein; the 



protein appeared similar to those seen in other 
bacteria and showed homology with PAK fim- 
briae of P. aeruginosa [17]. This data contrasts 
with that of Saiman et ai. who found minimal 
cross-reactivity with anti-P. aeruginosa anti-pilin 
monoclonal antibodies and no homology between 
P. aeruginosa pilin gene probes and B. cepacia 
genomic DNA [18,19]. It is possible that sequence 
variation exists among the pilin genes of different 
B, cepacia strains and that any individual pilin 
gene probe from P. aeruginosa may not reveal a 
specific B. cepacia gene [17]. 

The presence of fimbriae increases the ability 
of B. cepacia to adhere to pneumocytes in vitro 
[17]. In vitro binding experiments by Kirvan et al. 
[20] demonstrated that both B. cepacia and P. 
aeruginosa adhere to the same Gal/31-4GalNAc 
sequence present in many asialoglycolipids. The 
experiments of Saiman et al. [19] did not demon- 
strate competition for epithelial receptors, indi- 
cating that different epithelial receptors may be 
used preferentially by each of the Pseudomonas 
species or that the bacteria may bind to each 
other. Binding of 2 B. cepacia strains to epithelial 
monolayers increased in the presence of P. aerug- 
inosa indicating a possible synergistic relationship 
whereby P. aeruginosa exo-products modify ep- 
ithelial cell surfaces, exposing receptors and facil- 
itating increased B. cepacia attachment [19]. It 
must be stressed, however, that not all CF pa- 
tients are colonized with P. aeruginosa prior to 
acquisition of B. cepacia: in the Edinburgh CF 
clinic 38% of patients with B. cepacia are not 
co-colonized with P. aeruginosa [6]. 

Sajjan et al. [21] were able to demonstrate 
specific binding of B. cepacia isolates from pa- 
tients with CF to both CF and non-CF mucins as 
well as to buccal epithelial cells. Unfortunately 
no typing data was available to exclude the possi- 
bility of clonal relationships between the strains 
[21]. The degree of binding observed with B. 
cepacia is considerably less than that observed 
with P. aeruginosa [58]. Degiycosylation of mucin 
indicated that the mucin receptors for B. cepacia 
include N-acetylglucosamine and N-acetylgalac- 
tosamine. Isolates exhibiting the highest mucin 
binding values tended to correlate with those 
patients with severe illness leading to speculation 
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that variability in the binding of different R 
cepacia isolates to respiratory mucin may con- 
tribute to morbidity and mortality, and may ex- 
plain why some B. cepacia strains colonize pa- 
tients transiently whereas other strains, once ac- 
quired, are never lost. A sparsely distributed 22 
IcDa pilin-associated protein was identified as a 
mucin binding adhesin specific to piliated strains 
of B. cepacia [22]. 



Siderophores 

Production of siderophores enables bacteria to 
compete for iron with host iron-binding proteins 
including transferrin and lactoferrin and has been 
correlated with the ability of various bacteria to 



establish and maintain infection. B. cepacia 
strains express at least 3 siderophore-mediated 
iron transport systems, including pyochelin, 
cepabactin and azurechelin [23-26]. Pyochelin 
produced by B. cepacia is chemically unrelated to 
the pyochelin siderophore of P. aeruginosa [23.24], 
A 14 kDa ferripydchelin binding protein, present 
in increased amounts in the outer membrane of 
iron-starved B. cepacia cells, has also been de- 
scribed [23]. Morbidity and mortality in infected 
CF patients has been correlated to the produc- 
tion of pyochelin. Although such evidence may 
point to a role in pathogenicity, half of the clini- 
cal isolates investigated by Sokol [23] were py- 
ochelin-negative. Pyochelin may increase the abil- 
ity of B, cepacia to disseminate throughout the 
lungs and perhaps induce a greater inflammatory 




Fig. I. Pseudomonas cepacia J1359 in the process of dividing into 2 separate cells which exhibit peritrichous pili. Staining is 2% w/v 

phosphotungstic acid. Magnification x 25000. 
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response due to the increased area of infection in 
the lung [27]. Exogenously supplied pyochelin en- 
hanced the virulence of non-pyochelin producing 
B, cepacia strains in a chronic pulmonary model 
in rats [27]. Meyer et a!. [26] showed that B. 
cepacia ATCC25416 excreted both pyochelin and 
a lower molecular mass compound, cepabactin, 
which strongly chelated Fe III and facilitated iron 
translocation. Azurechelin, another distinct iron- 
binding compound, has been identified in 88% of 
B> cepacia strains isolated from the respiratory 
tract [25]. 



Extracellular virulence factors 

B. cepacia produces a number of extracellu- 
lar products including protease, gelatinase, 
haemolysin and lipase, although no pathogenic 
role for these factors has been demonstrated 
[28,29]. Unlike P. aeruginosa, B. cepacia does not 
appear to produce toxin A, exoenzyme S, or 
other detectable extracellular factors capable of 
producing a cytotoxic effect in vitro [28]. In a 
study of putative pathogenic factors of B. cepacia 
[30] a number of characteristics were demon- 
strated more frequently in isolates from CF pa- 
tients than control isolates. These factors in- 
cluded production of catalase, ornithine decar- 
boxylase, valine aminopeptidase, C14 lipase, algi- 
nase, and trypsin; reduction of nitrate to nitrite; 
hydrolysis of urea and xanthine and complete 
haemolysis on bovine red blood cells. The role of 
any of these factors in respiratory colonization or 
infection in CF patients is not clear [30]. Indeed, 
an epidemic strain of B. cepacia CF5610 associ- 
ated with fatal clinical outcome in CF does not 
produce C14 lipase or haemolysis [6]. 

Molecular studies of the Pseudomonas exo- 
toxin A gene by Vasil et al. [31] concluded that 
the production of exotoxin A and the presence of 
the exotoxin A gene are probably limited to P. 
aeruginosa and is not found in other Pseu- 
domonas spp. Southern hybridization experi- 
ments under low, medium and high stringency 
conditions with an exotoxin A gene probe failed 
to produce a positive signal with any of 8 B. 
cepacia strains tested. Similar experiments con- 



ducted by ourselves also failed to demonstrate 
the presence of the exotoxin A gene in 3 environ- 
mental strains of B. cepacia although a positive 
band was obtained with B. cepacia CF5610 strain 
isolated from a patient with CF. However, growth 
of this strain in both iron replete and depleted 
medium and subsequent analysis of the cell free 
culture supernate by polyacrylamide gel elec- 
trophoresis and immunoblot analysis with anti-P. 
aeruginosa exotoxin A antisera, failed to confirm 
production of a 66 kDa protein equivalent to P. 
aeruginosa toxin A. (J.W. Nelson, unpublished 
results). 

The extracellular proteinase of B. cepacia, a 
34 kDa protein, has antigenic similarities to P. 
aeruginosa elastase and cleaves gelatin, hide pow- 
der, collagen but not human immunoglobulin IgG, 
IgM, secretory IgA, or IgA [32]. Intratracheal 
instillation of purified proteinase into rat lungs 
produces a bronchopneumonia characterized by 
polymorphonuclear cell infiltration and proteina- 
ceous exudation into large airways. Active immu- 
nization of rats with B. cepacia proteinase elicits 
an immunological response although this is not 
protective against subsequent lung infection with 
B. cepacia [32]. 

There is also evidence that lipases, particularly 
phospholipases, may play an important role in 
bacterial virulence [33,34]. Phosphoplipase C is 
an enzyme that cleaves phosphatidylcholine, a 
major lung surfactant, to yield phosphorylcholine 
and diacylglycerol, and has been associated with 
cytopathology of lung tissue. B. cepacia has fre- 
quently been described as being lipolytic [28,33- 
35]. McKevitt and Woods [28] reported that 32 of 
48 strains of B. cepacia isolated from CF patients 
demonstrated lipase activity on egg-yolk agar 
whilst Carson et al. [35] showed that B. cepacia 
could hydrolyse Tween 20, 40, and 80. In another 
study [34] 6 out of 10 clinical strains of B. cepacia 
from the sputum of CF patients produced lecithi- 
nase by the egg-yolk reaction, whilst lipase activ- 
ity on 4 different Tweens was strain-dependent. 
Purified enzyme had a molecular weight of 25 000 
and was not cytotoxic for Hela cells or for mice 
injected intravenously with purified lipase. It has 
been reported, however, that lipase adversely af- 
fected the phagocytic function of rat pulmonary 
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alveolar macrophages in a dose-dependent man- 
ner [36]. Phagocytosis of B. cepacia by rat pul- 
monary alveolar macrophages was significantly 
reduced when the cells were either preincubated 
with lipase or when phagocytosis occurred in the 
presence of the lipase [36], Scanning electron 
microscopy showed that the macrophages ex- 
posed to B. cepacia lipase had fewer pseudopo- 
dia, microvilli and other projections compared to 
untreated macrophages. Thus B. cepacia lipase 
may be an important virulence factor which al- 
lows the bacteria to evade the mammalian host 
defence system. 

B. cepacia produces a heat-kvbile haemolysin 
which has both phospholipase C and sphin- 
gomyelinase activities [37]. Haemoiytic and phos- 
pholipase C (lecithinase) expression in B. cepacia 
appears to be a complex phenomena. The study 
of Nakazawa et al. [29] found that only 4% of 
clinical isolates were ^-haemoiytic, whilst 67% of 
isolates produced lecithinase. Others have found 
higher percentages of haemoiytic isolates of B. 
cepacia if a variety of erythrocyte types were 
tested, including a study of clinical isolates of B. 
cepacia from CF patients which found that 40% 
were haemoiytic when erythrocytes from various 
animals were tested [37]. Unlike the PLC activity 
of P. aeruginosa the PLC activity in B. cepacia 
does not correlate with haemoiytic activity [29,37]. 
However, all haemoiytic strains produce de- 
tectable lecithinase activity, and strains of B. 
cepacia, whether haemoiytic or non-haemolytic, 
appear to produce detectable amounts of extra- 
cellular PLC activity. In contrast to the consistent 
patterns observed in the PLC gene of P. aerugi- 
nosa there is hype rvari ability in genetic organiza- 
tion of the PLC gene of B. cepacia [37]. The 
variable manner in which a B. cepacia PLC spe- 
cific gene probe hybridizes with restricted B. 
cepacia DNA, the variability in expression of 
haemoiytic and PLC activities of different strains, 
and the association of DNA arrangements with 
conversion of an Hly + to an Hly - variant may 
be related to the relatively large number of dis- 
tinct insertion sequences (IS) reported for B. 
cepacia (> 25) [37,38]: in contrast these elements 
have yet to be discovered in P. aeruginosa. Some 
of these IS elements of B. cepacia, can be found 



in multiple copies and have been shown to both 
activate or inactivate gene expression. 



Cell surface antigens 

Lipopolysaccharide 

B. cepacia strains isolated from patients with 
CF may express either the rough (R) or smooth 
(S) lipopolysaccharide (LPS) phenotype, whereas 
the majority of B. cepacia strains isolated from 
other clinical conditions or from the environment 
express S-LPS (S.L. Butler, unpublished results). 
This is in agreement with the study of McKevitt 
and Woods [28] where 22 strains examined pos- 
sessed S-LPS and 26 strains possessed R-LPS. 
The epidemic strain of B. cepacia isolated from a 
number of CF patients in the UK invariably has a 
R-LPS phenotype and is associated with the ap- 
pearance of dry colonies [6]. There is no evidence 
to date to confirm that B. cepacia strains undergo 
a phenotypic change from S to R LPS within the 
CF lung as is observed with P. aeruginosa. 

Western blotting and absorption studies 
demonstrated that a significant proportion of 
serum antibodies from B. cepacia-infected CF 
patients which reacted with the core LPS of B. 
cepacia did not react with the core LPS of P. 
aeruginosa [39]. These observations indicate dif- 
ferences in the structure and composition of core 
LPS between B. cepacia and P. aeruginosa con- 
firming previous findings, including the lack of 
phosphorus in the core of B. cepacia LPS [40] 
and the inability of a monoclonal antibody reac- 
tive with P. aeruginosa and P. fluorescens core 
LPS to react with B. cepacia [41]. Core hetero- 
geneity between different isolates of B. cepacia 
may also exist because immunoblotting demon- 
strated that serum from patients colonized with 
B. cepacia produced a band reactive with some 
but not all core LPS preparations [39]. 

Initial chemical analysis of B. cepacia LPS 
indicated the absence of detectable 3-deoxy-D- 
manno-2-octulosonic acid (KDO) in LPS from B. 
cepacia [42,43]. However, Straus et al. [44] re- 
ported the isolation of KDO from the culture 
supernate of 2 out of 10 strains of B. cepacia and 
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in a further study KDO was demonstrated in 6 
clinical isolates of £. cepacia and all 6 LPS 
preparations were equally toxic for mice when 
injected intraperitoneally [45]. Compared with 
LPS from P. aeruginosa that from strains of B. 
cepacia has less phosphorus and more heptose. 
Glucose and rhamnose were the major saccharide 
components of LPS from the organisms tested 
[42]. An extracellular material isolated from a 
clinical B. cepacia consisted of a surface carbohy- 
drate antigen, LPS and protein, the toxicity of 
which appeared to be associated with the LPS 
portion of the complex [46]. It has been proposed 
that this extracellular toxic complex produced by 
B. cepacia is responsible for the lethality and 
extensive pulmonary tissue necrosis associated 
with pneumonia produced by this organism. 

Outer membrane proteins 

B. cepacia produces 5 major outer membrane 
proteins A (56 kDa), B (38 kDa), C (37 kDa), D 
(28 kDa) and E (21 kDa). The C and D proteins 
have been identified as porin proteins [47,48], 
and appear to be antigenic in most patients with 
CF who are chronically colonized with B. cepacia 
[48,49]. In the study of Anwar et al. [55], outer 
membrane protein profiles of magnesium-de- 
pleted cells were much simpler than that of iron- 
depleted cells and nutrient broth grown cells. 
Synthesis of a 66 kDa outer membrane protein 
was induced when B. cepacia was grown under 
iron depletion. B. cepacia isolates from individual 
CF patients may exhibit marked phenotypic vari- 
ability, including manifestation of different pat- 
terns of outer membrane proteins separated on a 
polyacrylamide gel: up to 5 OMP patterns have 
been identified from B. cepacia isolates derived 
from a single strain [50], 

Various studies indicate that the outer mem- 
brane of B, cepacia is a major contributing factor 
in the )3-lactam resistance of this species, retard- 
ing the diffusion of ^-lactams to their penicillin- 
binding protein targets [47,51,52]. Resistance to 
aminoglycosides and hydrophobic compounds in 
B. cepacia is largely due to the low outer mem- 
brane permeability [51]. Loss of the major porin 
protein D and decreased expression of protein C 



may also be associated with high level /3-lactam 
resistance in some CF isolates of B. cepacia [52]. 
Production of /3-Iactamases, including carbape- 
nases capable of hydrolyzing the most potent and 
broad spectrum of the /3-lactam antibiotics, 
imipenem and meropenem, also contribute signif- 
icantly to the resistance of B. cepacia [53]. 



Exopolysaccharide 

Production of alginate by mucoid strains of P. 
aeruginosa is the major virulence determinant 
associated with strains which colonize the lungs 
of patients with CF. In contrast, B. cepacia does 
not appear to produce alginate. PCR studies with 
primers of the P. aeruginosa algD gene, encoding 
the essential enzyme GDP mannose dehydroge- 
nase, indicate that this gene was absent in 10 B. 
cepacia strains studied and therefore that B. 
cepacia is unlikely to produce an alginate-like 
polymer (J.W. Nelson, unpublished results). Ad- 
ditional studies in our laboratory and by Sage et 
al. [54] showed that some B. cepacia strains do 
produce an exopolysaccharide comprising galac- 
tose, glucose, mannose, glucuronic acid and 
rhamnose, with lesser amounts of uronic acid: no 
mannuronic or guluronic acid was detected. Sur- 
veys of clinical isolates from patients with CF 
indicate that there is no correlation between the 
ability of B. cepacia to colonize the respiratory 
tract and capacity to form exopolysaccharide 
[6,54]. In contrast, Straus et al. [46] observed that 
1 strain of B. cepacia produced an alginate-like 
compound containing 72% guluronic acid with 
1.75% acetylation. 



Evasion of the immune system 

Immunological studies on B. cepacia coloniza- 
tion of patients with CF indicate that the organ- 
ism persists despite a considerable antibody re- 
sponse and suggest the possibility of immune- 
mediated damage. Aronoff et al. [48,49] demon- 
strated the presence of IgG antibodies to outer 
membrane antigens of B. cepacia in serum from 
patients with CF colonized with B. cepacia and/ 



or P. aeruginosa. These authors concluded that 
some B. cepacia outer membrane components 
may be antigenicaliy related to those of P. aerugi- 
nosa and that colonization with B. cepacia occurs 
in the presence of antibodies specific for the 
outer membrane of the organism. Serum IgG and 
sputum IgA antibodies directed towards the core 
LPS of B. cepacia have also been described [39]. 

Investigations into the bactericidal effect of 
human serum have shown a large variation in the 
responses of the B. cepacia strains investigated. 
All strains expressing R-LPS were serum-sensi- 
tive under a variety of test conditions whilst strains 
expressing S-LPS exhibit a range of responses 
(S.L. Butler, unpublished results). Anwar et al. 
[55] showed that a B. cepacia strain grown in 
different nutrient depletions in batch culture 
showed varying degrees of sensitivity to engulf- 
ment and killing by human polymorphonuclear 
leucocytes (PMN) and to killing by human serum. 
The wide range of sensitivity shown by the organ- 
ism may reflect the phenotypic variation in cell 
envelope composition caused by specific nutrient 
depletions. Patients with chronic granulomatous 
disease (GCD) are at particular risk of infection 
with B. cepacia, which is able to resist 
neutrophil-mediated non-oxidative bactericidal 
killing (D.P. Speert, personal communication). 
The ability of B. cepacia to survive a pronounced 
humoral response and other immunological de- 
fences is intriguing and requires further investiga- 
tion. Indeed there is a suggestion that B. cepacia 
may invade and survive within respiratory epithe- 
lial cells, enabling the organism to persist within 
the CF lung [56]. 



Concluding remarks 

Acquisition of B. cepacia is a major concern 
among patients with CF although the exact 
pathophysiological role of the organism remains 
controversial and unsolved. Epidemiological data 
and the use of phenotypic and genotypic typing 
systems for B. cepacia suggest that certain strains 
are particularly transmissible, although there is 
no evidence at present that some strains are more 
virulent. The role of any of the described viru- 



lence factors of ft cepacia relating to its patho- 
genesis in patients with CF remains unclear. En- 
hanced adhesion to mucin of certain ft cepacia 
strains may aid initial colonization whilst multi- 
resistance to antibiotics and possible intracellular 
localization may contribute to persistence of the 
organism. Production of anti-ft cepacia antibod- 
ies by the host and subsequent immune complex 
mediated damage, is probably responsible for 
pulmonary decline. The development of a CF 
mouse model carrying precise and clinically rele- 
vant mutations [57] will allow in vivo investigation 
of ft cepacia colonisation and virulence factors. 
Current concern over ft. cepacia colonisation 
amongst CF patients has highlighted the urgent 
need to identify ft. cepacia colonising factors and 
the pathophysiological and/ or immunological 
factors which account for the rapid clinical dete- 
rioration in some CF patients. 
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The rapid increase in Pseudomonas (Burkhokterto) cepacia infection fan cystic fibrosis (CF) 
patients suggests epidemic transmission, but the degree of transmissibmty remains 
controversial as conflicting conclusions have been drawn from stodtes at different CF 
centres. This report provides the first DNA sequence-based documentation of a divergent 
evolutionary fineage of P. cepacia associated with CF centre epidemics in North America 
(Toronto) and Europe (Edinburgh). The Involved epidemic done encoded and expressed 
novel cable (Cbf) pffl that bind to CF mucin. The sequence of the ddA pffln subunft gene 
carried by the epidemic isolates proved to be invariant Although it remains to be 
determined how many distinct highly transmissible lineages exist, our results provide 
both a DNA sequence and chromosomal fingerprint that can be used to screen for one 
such particularly infectious, transatlantic done. 



Pseudomonas aeruginosa accounts for up to 90% of morbidity and 
mortality in patients with cystic fibrosis (CF) following persistent 
infection over a period of years. However, during the last decade, 
as many as 40% of the patients in some CF centres" have also 
become infected with Pseudomonas (Burkholderia) cepacia. About 
20% of the latter die from bacteremia, or aggressive pulmonary 
infection over a few months". While the significant increase in 
P. cepacia infection suggests epidemic spread***, the source and 
transmissibility of P. cepacia remains controversial*. Nonetheless, 
given the potentially grave consequence of P. cepacia infection, 
stringent infection control policies have been adopted, many CF 
camps in North America have been dosed and all but one lung 
transplant centre have ceased to accept P. apodo-infected CF 
patients as transplant candidates. 

The epidemiology of P. cepacia infection has been examined 
by both ribotyping 1 * and pulsed-field gel electrophoresis (PFGE)- 
based resolution of chromosomal macro- restriction fragment 
length polymorphisms (RFLPs) W0 . Comprehensive studies ap- 
plying both methods generated two very different conclusions 
regarding donaMty, persistence, and transmissibility. One study 
in the United Kingdom (Western General Hospital, Edinburgh), 
found a clonal relationship among isolates from 1 3 patients over 
six years 3 . In contrast, during an eight-year period at a US CF cen- 
tre (University of North Carolina (UNQ Hospitals, Chapel Hill), 
not a single Identical or closely related strain was found among 
23 infected clinic and lung transplant patients'. Serial isolate 
analysis further corifinned this picture, typically demonstrating 
persistent infection by a single strain. 



There also existed an isolate collection from another CF centre 
(Hospital for Sick Children, Toronto), where there was anecdotal 
evidence foi an epidemic of P. cepacia. Although the isolates were 
not characterized tor genetic relatedness, they had been uni- 
formly resolved to express peritricious, giant cable (CblHike pill 
that specifically bound to CF mudn and airway epithelial 
cells" 1 -' 3 . As the cMA pilln subunrt gene encoded by all IS of the 
Toronto isolates was the first such gene characterized for P. cepa- 
cia, a subsequent hybridization-based survey for the presence of 
cHA was carried out on multiple isolates from eight other CF cen- 
tres in the United States and Europe as well as clinical and 
environmental strains. AD of these isolates were cblA' except for 
one isolate from a CF centre in Jackson, Mississippi 

Studies described in this article examine the genetic related- 
ness of cbUC and cMA' strains. The evolutionary picture gener- 
ated indicates the emergence of a highly transmissible lineage, 
seemingly adapted for efficient transmission in the CF popula- 
tion. The resolved generic markers uniquely associated with this 
lineage may be used to rapidly identify its presence and are 
therefore of immediate practical importance to CF centres in 
both Europe and North America. 

Genetic relatedness of P. cepada Isolates 

The observations described above, led us to characterize the epi- 
demiological relatedness of the IS Toronto isolates expressing 
mucin-binding Cbl pin To investigate the genetic relationship 
between these isolates and those found elsewhere, we included 
clinical and environmental isolates as well as 78 strains from the 



NATURE MEDICINE, VOLUME I. NUMBER 7. JULY I99S 



661 



Fig. 1 RRPs of 17 P. cepacia isolates cited in the text and Methods 
sections. Lane order to the 1 7 isolates is maintained in the three 
parts of the figure. Isolate numbers of examined strains appear at the 
top of the figure immediately above each lane. Subscript letters pre- 
cecBng isolate number indicate CF centre from which P. cepacia (PC) 
strain was isolated: PC* Edinburgh, Scotland; PC^ Jackson, Missis- 
sippi; PC^ Chapel Hill, North Carofina; PC^, New York, New York; 
PQ„, Cleveland, Ohio; PC T/ Toronto, Canada; and PQ», Norfolk, Vir- 
ginia, o, PfGE-resorved, chromosomal Spe\ macro-RFLPs. As de- 
scribed previously 9 , samples were prepared and restriction fragments 
separated by pubed-fleW gel electrophoresis with a CHEF Mapper 
system (Bio-Rad) through 1% agarose using a field strength of 6 
V/cm and an initial and final pulse time of 1.2 s and 54 s, respec- 
tively. Fragment sizes were determined using a X concatenate ladder 
(not shown). Bar-code format translation of chromosomal fingerprint 
profiles was made using a Macintosh Quadra 950 running Gene 
Construction Kit (Texto). Fragments below 100 kbp are not shown. 
In the tatter range, Toronto and Edinburgh isolates displayed in lanes 
1 -8 had two identical fragments (60 kbp and 48 kbp). Other isolates 
(lanes 9-17) had polymorphic sets of three to six fragments in this 
lower range. b, rm (rteosomaJ RNA operon) EcoPJ RFLPs. Southern 
blot hybridization methods were as we described previously*'* using 
a "P-labefled rmB probe spanning the entire rmB operon of £ coS 
KM. c, cbM hybrkfizatton analysis of fcoRlgenerated RFLPs. This 
was accomplished by stripping bound rm probe from the membrane 
used in Fig. 1 b followed by hybridization with a previously described 
cblA gene probe' using standard methods 3 * 27 . 



seven other CF centres cited above that were cblA\ At this time 
the report of RFUMdentical P. cepacia isolates transmitted among 
patients at an Edinburgh CF centre appeared, and we obtained the 
involved strains 3 to include in this phyiogenetic characterization 
(Fig. la, b). Profiles in lanes 9-17 of both a and b of Fig, 1 depict 
typical polymorphic patterns resolved for isolates from different 
CF centres. For these isolates mean D (Dice coefficient of similar- 
ity)* 4 for any pair by PFGEr resolved chromosomal macro- RFLP pro- 
file was 0.14 ± 0.07 (Fig. la), a level of diversity not significantly 
different from that found previously among eight independently 
isolated American Type Culture Collection (ATCC) environmental 
and clinical control isolates*. A similar degree of chromosomal 
RFLP variability was found between the other CF-assodated Iso- 
lates from the seven CF centres (results not shown), confirming 
that these are er^emiologkaily distinct strains with RFLP variabil- 
ity not significantly different from that of the random collection 
of ATCC strains (0.1 > P > 0.05). Despite the lower discriminatory 
power of ribotyping 9 , a similar degree of phyiogenetic relationship 
among these CF-assocoted isolates is apparent in Fig. \b. 

The heterogeneity of the RFLP profiles of the isolates from 
the seven CF centres (for example, lanes 9-1 7, Fig. la, b) is sim- 
ilar to that described in a previous study involving multiple 
isolates from 23 patients at the UNC Hospitals CF centre 9 . This 
degree of variability contrasts markedly with the two closely re- 
lated, conserved RFLP patterns found for the 15 cb/A-encoding 
Toronto CF centre isolates (lanes 1-4, Fig. la, b). Here, by ex- 
amining both PFGE and ribotype RFLP profiles, the coefficient 
of similarity among the Toronto isolates proved to be very 
high, with PFGE D = 0.95 ± 0.03 and ribosomal RNA operons 
(mi) D = 0.87 ± 0.09. This contrasted with (a) the mean D value 
among isolates from the other seven CF centres, which was 
very low (for example, lanes 9-17, Fig. la, b), and (b) the mean 
D between the Toronto isolates and the other CF centre i so- 
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lates, which was also very low: PFGE D = 0.20 ± 0.07, rrn D = 
039 ± 0.09. These findings strongly suggest that ail IS of the 
Toronto CF centre isolates were members of a unique lineage 
associated with an epidemic. 

Displayed in lanes 5-8 of Fig. la and & are P. cepacia PFGE and 
ribotype RFLP profiles of isolates from CF patients at the Edin- 
burgh CF centre 3 . The RFLP profiles displayed in Fig. la and b 
also indicate the presence of an epidemic clone, as D tor any 
analysed pan by either type of RFLP profile was very high (PFGE 
D = 0.98 ± 0.02, rrn D * 1.0). Further, pairwise comparison of the 
Edinburgh strains to the closely related Toronto CF centre strains 
{lanes 1-4 of Fig. la, b) likewise produces robust D values (PFGE 
D = 0.97 ± 0.03, rm D = 0.90 ± 0.04), strongly suggesting that the 
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Edinburgh and Toronto isolates are members of the same unique 
lineage despite the Atlantic Ocean barrier. 

Phylogenetic relationships of P. cepada isolates 
Based on ribosomal RNA operon (rm) RFLP profiles, phylogenetic 
rdatiomhips of the 133 isolates described above and in the Meth- 
ods section were determined with the neighbour-pining method 11 . 
Confidence intervals on the tree topology were estimated by boot- 
strapping analysis 1 * (Fig. 2). The resultant Cytogenetic tree indi- 
cates that the duster of Toronto and Edinburgh isolates comprises a 
single, donatty related lineage. Hie remaining, independently iso- 
lated strains from other OF centres are as distantly related to one 
another as they are to either the Toronto/Edinburgh dusters or the 
independently isolated non-CF clinical and environmental strains. 



Cbl phenotype and genotype of Edinburgh OF isolates 

We then examined the epidemic Edinburgh isolates to see if , as 
do the Toronto strains 4 , they expressed CM pitt and encoded the 
cblA gene. Phenotypic survey using electron microscopy revealed 
that these highly transmissible strains expressed appendage pili 
that were structurally equivalent to those expressed by all of the 
cW/T Toronto isolates* 43 (Fig. 3). Genotypic survey was carried 
out by stripping rm-probe from an EcoBl chromosomal digest 
membrane (Fig. lb) followed by hybridization with a cMA probe 
The highly transmissible Edinburgh isolates as well as the dosely 
related Toronto dones encode cblA (Fig. Ic, lanes 1-8). 

cblA gene sequence-based test of donafity 

Because the implications of our studies have the potential to rn- 
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Rg. 2 mvRFLP-based phylogenetic tree of representative isolates from patients at seven CF centres in North America (Chapel Hffl, North 
Carolina; Jackson. Mississippi; Norfoflg Virginia; Cleveland, Ohio; Phiadelphia, Pennsylvania; New York, New York; Toronto, Ontario) and 
the United Kingdom (Edinburgh) plus erwironmentai and cfinicai (non-CF) sources. Afl cried isolates are described in the text and in the 
Methods section. Indicated isolate number is followed by source (CF, environmental or dinkaJ). dblA,\ cttA/, isolates) that encode the cbtA 
gene (Rg. lc) and express adhesin Cbl pffi (Fig. 3). OAA;. identical 501 -bp sequence carried by Toronto and EolnburgJiCTM^^ates 
(Rg. 4> oWV, polymorphic 501 -bp sequence carried by Jackson, Mississippi, CF centre isolate PC^-2323 (Fig. 4). j^^K^iffi^^B^ 
$ ku£^^ (confidence intervals less than ten have been 

omitted tor darity). Trieeneages included in this tree are"representetive of the larger sample of isolates collected. Multiple CF patient serial 
isolates of an identical rm RFLP profile have not been included as they do not affect the tree topology. However, multiple isolates from 
Toronto (PC 7 -5, PQ-7) and Edinburgh (PQ-1 359, PQ-231 5) CF centres are noted because further analysis by DMA sequence revealed that 
the ciaV* genes encoded by these four isolates are identical (Rg. 4). The remaining 1 3 and 11 isolates, respectively, from each of these two CF 
centres are members of the indicated epidemic iineage based on 1 00% correlation of their rm RFLP profiles with those of the rxototypk: pat- 
terns of the Toronto/Edinburgh isolates shown in Fig. 1 6. 
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fluence directly clinical management of some 70,000 CF patients 
in Europe and North America, we used DN A sequence analysis to 
test the RFLP-based conclusions that isolates from Toronto and 
Edinburgh were clonal. Other of two classes of bacterial genes 
are typically sequenced for mis purpose: slowly evolving, 'house- 
keeping' genes such as putP (proline permease) 17 or, more rapidly 
evolving, antigen-encoding genes such as the flagellar filament 
gene {fliQ of Salmonella typhimurium 1 *. Based on analogy to the 
latter, we chose the cWA pilin gene as it would probably be under 
antigenic selection, thus providing a more rigorous test for the 
clonality of strains. The possibility of antigenic variability being 
reflected in the cHA pilin gene sequence was suggested by our 
analyses of the Jackson, Mississippi, CF-associated strain PC«- 
2323, the sole drM-positive isolate not associated with the epi- 
demic dusters (lane 17, Fig. lc). Variability in the encoded cbiA 
of this isolate had been inferred by (1) ribotype and chromoso- 
mal macro-RFLP profiles indicating that PC^-2323 was only dis- 
tantly related to the cWA-positive Toronto/Edinburgh isolates 
(lane 17 versus lanes 1-8 of Fig. la, b); (2) variation in cblA- 
encoded restriction fragment size from that observed in the 
Toronto/Edinburgh isolates (lane 17 versus lanes 1-8 of Fig. lc) 
and (3) absence of agglutination by antibodies made against Cbl 
pili purified from cK4-positive Toronto CF centre isolates (data 
not shown). 

Primers were synthesized from the cblA sequence of the 
Toronto isolate PCf7 (ref. 4) and used for polymerase chain reac- 
tion (PCR)-based amplification of the cblA gene from isolates to 
be characterized Resultant PCR products were then cloned and 
sequenced (see Methods). Complete cbiA sequences were thus 
obtained from isolates with the two slightly variant though 
closely related RFLP profiles typical of the IS Toronto CF centre 
isolates (Fig. la, b, lanes 1-^1), the two slightly variant though 
closely related RFLP profiles typical of the 13 Edinburgh CF cen- 
tre isolates (Fig. la, b, lanes 5-8), and the significantly variant 
Jackson, Mississippi, CF-associated strain PC^-2323 (Fig. la, b, 
lane 17). Comparison of these five sequences indicates that the 
chromosomally encoded, 501 -base pair (bp) cblA pilin subunit 
structural gene carried by the closely related isolates from the 
Toronto and Edinburgh CF centres was invariant in sequence. In 
contrast the cbiA gene encoded by the distantly related Jackson 
Mississippi strain PC^-2323 exhibited polymorphism at the se- 
quence level, with changes in 60 bp of the ,501-bp sequence 
(88% identity; see Fig. 4). Jggj^^^^^^^^^^' 

^^Hi^ii^^l^^^l^^plKat 




fig. 3 Transmission electron m iaograph of Toronto epidemic strain 
PC T -7 expressing Cbl adhesin pili. hfcgh resolution was achieved with 
a JOEL 100 CX electron microscope as previously described". Bar in 
tower right comer, 0.1 urn. Taken from Goldstein et of". 




Discussion 

P. cepacia varies in iraminlssibilrty 

Consideration of these findings in the context of our previous 
studies on UNC CF centre isolates' leads us to conclude that iso- 
lates of P. cepacia are not equally transmissible between CF pa- 
tients, rather, there exists at least one significantly divergent, 
highly transmissible clonal lineage phis numerous moderately 
heterogeneous lineages of negligible transrnissibility (see Fig 2), 
and that the highly transmissible lineage identified is responsi- 
ble for epidemics at North American and British CF centres. This 
was most likely due to an as yet unidentified transatlantic trans- 
mission related to joint summer camp attendance. 



Relation of Tortwto/Mnburgh done to other epidemic strains 

Based on rm RFLP profiles or anecdotal evidence, additional 
reports suggest the occurrence of P. cepacia tra nsmi ssion at CF 
centres in Philadelphia 2 and Cleveland", resrjectiveiy. We charac- 
terized strains involved with both of these putative outbreaks 
(see Methods section) and found that by neither ribotype or 
macro-chromosomal RFLPs profile did the prototype RFLP fin- 
gerprints of the putatively epidemic strains from either centre 
appear similar to one another (mean D £ 03), nor to the unique, 
highly transmissible lineage involved with the Toronto and 
Edinburgh CF patients (LS., A.H., H. Zhou and R.G., unpub- 
lished data). Nonetheless, highly conserved RFLP profiles (mean 
D 2 0.85) within the individual outbreaks did support a picture 
of epidemic transmission within each of the two centres. When 
these isolates were further characterized, hybridization-based 
survey for the presence of the cblA pilin gene proved negative for 
35 of the involved strains (L. S., A.H., H. Zhou and R.G., unpub- 
lished date). These results suggest that there may exist P. cepacia 
lineages of high transmissibility other than the cbLV done that 
we have identified. 

Emergence of done for efficient Infection of the CF lung 

This study demonstrates the integral role of molecular epidemi- 
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ology and evolutionary biology in identifying newly emerging, 
highly transmissible microbial pathogens. The degree of diver- 
gence of the cblA* lineage suggests specific adaptive, evolution- 
ary changes for efficient transmission in the CF population. A 
number of phenotypic observations support this hypothesis, 
such as the novel giant Cbl pili expressed, which have been 
found to promote adhesion-based colonization of the CF air- 
way 4 ' 1 ' 1 . New results provide further details, showing that cblX 
isolates are significantly more adherent to human, primary cul- 
ture cftr^ airway epithelial cells than cMA strains, and that the 
cbl A* isolates adhered to the epithelial apical surface as well as to 
the cifia (J. Yankaskas, P. Gilligan and R.G., unpublished obser- 
vations), suggesting the potential for interference with the mu- 
cociliary transport system. Further, unlike non-epidemic P. 
cepacia isolates, dones from the Toronto/Edinburgh epidemics 
proved uniquely resistant to killing by P. aeruginosa isolates cul- 
tured from many different patients (C CampaneUi, A.H. and 
R.G., unpublished observations). Given that CF patients are most 
often infected with P. aeruginosa before superinfection by P. cepa- 
cia, this atypical resistance may contribute to the remarkable ca- 
pacity of the cblA* lineage to be epidemically spread among the 
CF population. 

From molecular genetics to dinical management 

Although it remains to be determined how many other diver- 
gent, highly transmissible lineages of P. cepacia have evolved, 
these results provide both the first chromosomal RFLP finger- 
print (Fig. la, lanes 1-8) and DNA sequence {Fig. 4) that can be 
used for precise identification of one such lineage (Fig. 2). 
Knowledge of specific, intragenic regions of the invariant 
Toronto/Edinburgh cbiA sequence allows for rapid, PGR- or oligo 
hybridization-based screening for tills highly infectious lineage 
(LS,, A.H., H. Zhou and R.G., unpublished observations). The 
resolution of a chromosomal fingerprint unique to a particular 
epidemic lineage indicates that it should be possible to establish 
an epidemiological library of such profiles. Among the increas- 
ing population of CF patients infected with P. cepacia, prospec- 
tive screening for the highly transmissible lineages will provide a 
rational basis for patient isolation and infection control policies. 
This is of immediate relevance to the dinical management of the 
CF population as such dedsions impact dramatically on patients, 
their families and the health-care system. 

Methods 

Bacterial isolates. Pseudomonas cepacia (n = 1 33) isolates were ob- 
tained from the foBowmg sources: (1) 65 Isolates from patients at 
the University of North Carolina (UNC) Cystic fibrosis Centre 
(1985-93) including 1 7 clinic and 5 transplant patients, 4 of whom 
were infected transfers from other distant locations as described pre- 
viously' Those cited in the figures include isolates PC^-566, PC^- 
1711, PC^-1845, PC^-1910, PC^-1948, PC^-2008, PC^-2028, 
PC^-2211, PC^-2225 and PC^-2747, each from different local 
clinic patients, and four isolates from infected transfer patients (PC*,- 
792 from New York, New York, PC^-1963 from Norfolk, Virginia, 
PCch-2034 from Cleveland, Ohio, and the cbiA' isolate PC^-2323 
from Jackson, Mississippi); (2) 8 ATCC clinical and environmental 
isolates: human endocarditis PC^-1 3945, human urinary tract 
PC Airr ~1 7765, human bronchial PC^-25609, human tibia fracture 
PC -TCC ~2751 5, forest soil (Trinidad) PC^-1 7759, onion PC AWX -25416 
(the ATCC R cepacia type strain), soil (California) PC ATCC -29352, 
cornfield soil (New Jersey) PC A7cc -39277, all as described previ- 
ously* n ; (3) 1 5 cblX isolates from 1 5 CF centre clinic patients at the 



Hospital for Sick Children 0 987-88), Toronto. Those cited in the fig- 
ures include isolates PQ-5. PC T -7, PC r -19, PQ-25 (rets 4, 13); (4) 2 
isolates, PQ-SBC27 and PQ-S8C29, from two CF patients at Western 
General Hospital (Edinburgh, Scotland) that were not associated 
with epidemic transmission within this CF centre**"; (5) 4 isolates 
from clinic patients at Western General Hospital (1989-90), Edin- 
burgh, aB of which had been associated with epidemic transmission 
within this CF centre 3 . Those cited in the figures indude isolates PQ- 
509, PC ( -1359, PQ-1392 and PQ-2315; (6) 10 isolates from 10 pa- 
bents at a Philadelphia, Pennsylvania, CF centre 2 . Those cited in 
figures include isolates PC^-535, PQ*-542 and PC^-544; (7) 24 iso- 
lates from 24 patients at the Rainbow Babies and Children's Hospi- 
tal, Cleveland, Ohio", including cited isolate PQh-524, PQh-525 
and PQh-2034; and (8) 5 bronchial isolates from 5 non-CF ventilator 
patients at Boston Gty Hospital (Massachusetts) including cited iso- 
late PC^-3 13 7. 

RFLP, amplification and sequencing analyses. PFGE, ribotype and 
cbiA hybridization methods are described in detail in recent publica- 
tions cited in the text* 911 . Using previously described methods', CsCl 
equilibrium density gradient purified chromosomal DNA* was iso- 
lated from the two prototype Toronto epidemic isolates (PQ-7 and 
PC r 5), the two prototyptc Edinburgh epidemic isolates (PQ-231 5 
and PQ-1 359) and the single Jackson, Mississippi, CF centre isolate 
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Tig. 4 Identical 501 -bp sequence (topmost line) of the cUA struc- 
tural gene encoded by two prototype Toronto epidemic isolates 
(PQ-7 and PQ-5) and two prototype Edinburgh isolates (PQ-2315 
and PQ-1359) compared to the variant cbiA sequence earned by the 
single Jackson, Mississippi, CF centre isolate PC^-2323 (lower Bne). 
See Methods section. 
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PC^-2325. From each of these cbM probe-positive chromosomes, 
the cWA gene was PCR ampfified 21 using a DNA thermocycJer 
(Perkin-Elmer) with a GeneAmp PCR Core Reagents Kit (ibid.). 
Based on the previously determined sequence of the cblA gene 
encoded by isolate PC T -7 (ret 4), sense and antisense primers 
used for these reactions were 5»-CCAAAGCACTAACCCA^3' and 
S'-^CGCGATCTCCATCACA-3', respectively. PCR reactions were 
as follows: cycle one, 2 mm at 94 *C f 2 min at 37 °C, 1 min at 72 
"C The remaining 29 cycles were: 1 min at 94 °C, 1 min at 45 X, 
1 min at 72 °C, followed by 7-min extension at 72 °C PCR prod- 
ucts were separated by electrophoresis through 0.8% agarose 
and for each a single band was observed with ethjdkjm bromide 
staining. Bands were electrocuted into DEA£ membrane 
(Schleicher & Schuefl) and doned with a TA Cloning Kit (Invitro- 
gen). DNA sequences were determined by the Sanger dideoxy 
method 0 with the same primers used for PCR amplification 
(above). Rve PCR-amplifted dblA gene clones of PQ«-2323 were 
generated, three of which were sequenced for confirmatory pur- 
pose, with no variation resolved. 

Statistics. Standard criteria were used for comparing PFG£ pat- 
terns 21 . According to established criteria for P. cepacia", strains 
were assigned to the same ribotype when comparison of sizes of 
hybridizing fragments revealed three or fewer bands differing be- 
tween the two patterns under comparison. Quantitative pairwise 
comparison of both types of RRP patterns was accomplished 
using the Dice coefficient of similarity calculated as D = 2n^ / (n, + 
n 2 ), where n, is the total number of DNA fragments from strain X, 
n, is the total number from strain Y, and n„ the number of frag- 
ments identical in the two staiins 1 * 2 *. The coefficient of similarity 
for two PfCE RRPs D 2 0.90 represents dosefy related strains, 
while unrelated strains have O £ 0.60. Intervening values, remark- 
ably, are rare*. For mt RRPs, given that P. cepacia strains typically 
display 7-10 distinct hybrnfiztng bands, the shared ribotype 
(above) would correspond to D = 0.79 to 0.85. Comparisons be- 
tween mean values were performed by Student's f-test using a 
Systat program (Systat Inc.). 
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Burkholderia cepacia is now recognized as an important opportunistic pathogen in cystic fibrosis (CF) and 
other compromised patients. Epidemicity among CF patients has been attributed to at least one particularly 
infectious strain (strain ET12), and both genetic evidence and anecdotal evidence suggest that this strain, 
currently endemic in Ontario, and those causing an epidemic in the United Kingdom, are indeed the same. Our 
study was conducted to determine whether there was any association between the presence of various insertion 
sequence (IS) elements, the cable pilin subunit gene (cblA), electrophoretic type (ET), and ribotype (RT) in a 
collection of 97 clinical and 2 environmental isolates of B. cepacia. No apparent linkage was found for IS 
elements IS401, IS402, 1S406, IS407, and IS408 with ET or RT. The cblA target, said to be a marker for high 
infectivity, was detected in 100% (38 of 38) of strains of B. cepacia ET12 and in a single strain of ET13 that 
differed in a single enzyme allele. A new IS, IS1356, identified during the investigation, was present in 71.7% 
of all isolates, and 50.7% of these isolates harbored IS7 356 as a hybrid IS element inserted into IS402. ISi 356 
is 1,353 bp in length, and when it is inserted into IS402 it results in a 10-bp duplication at the site of insertion. 
IS/356 contains one major open reading frame of 1,260 bp coding for a putative transposase which has 
significant homology to lSRm3 in Rhizobium meliloti (59%) and to an undesignated IS element in Corynebac- 
terium diphtheriae (49%). The 1S402-IS1 356 element was found exclusively in the epidemic strains from Ontario 
and the United Kingdom, being detected in 94.7% (36 of 38 isolates) of £. cepacia ET12 isolates. Of the two 
ET12 isolates found to be devoid of the IS402-ISJ 356 element, both contained IS1356 unassociated with IS402, 
one was temporally unrelated to the epidemic, and the other was from a CF patient in a geographic area remote 
from Ontario and the United Kingdom. It is evident that the 1S402-IS1356 hybrid element, the cblA pilin 
subunit gene, and the allelic suite represented by multilocus enzyme electrophoretic type ET12 may provide 
useful markers for the epidemic, highly transmissible transatlantic strain isolated in Ontario and the United 
Kingdom. 



Burkholderia cepacia is an aerobic gram-negative bacillus 
commonly found throughout the environment and as a phyto- 
pathogen causing soft rot in onions (1). Over the past decade, 
however, strains which cause opportunistic infections in hu- 
mans, most notably in cystic fibrosis (CF) patients, have been 
encountered with increasing frequency, leading to an increase 
in morbidity and mortality (12, 38). Among non-CF patients 
extrapulmonary nosocomial infections have more recently 
been reported (21). 

Although the mechanism of virulence of B. cepacia isolates 
has not been elucidated (19), isolates from CF patients have 
been shown to adhere to mucin (26) and buccal epithelial cells 
(27). There may also be a correlation between the source of B. 
cepacia isolates (e.g., environmental and CF-associated epi- 
demic and nonepidemic isolates) and the particular class of pili 
expressed (9). The implications of being colonized with B. 
cepacia isolates are a growing concern in the CF patient com- 
munity, and markers of strain virulence are eagerly sought. 
Enhanced transmissibility and virulence appear to be strain 
dependent, and epidemic lineages are being defined anecdot- 
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ally and genetically (10, 13, 17, 33-36). To date, studies have 
indicated cross-infection between patients (10, 17, 25, 31) and 
nosocomial acquisition (20) as important parameters of trans- 
mission. 

In attempts to limit the spread of S. cepacia strains, many 
clinical centers now segregate colonized and noncolonized CF 
patients. This has proved to be successful but is limited by the 
social contacts between patients outside of the hospital setting 
that is the norm for CF patient groups, especially adults (10, 
17,31). 

Many studies involving B. cepacia strains have focused on 
their truly extraordinary potential to metabolize a wide variety 
of organic compounds. It is currently thought that this meta- 
bolic versatility may, in part, be the result of the genomic 
complexity (24) and the large number of insertion sequence 
(IS) elements identified in B. cepacia strains (7, 15). IS ele- 
ments have the ability to promote genomic rearrangement, 
recruit foreign genes, and cause insertional gene activation. 
Indeed, most of the IS elements in B. cepacia isolates have 
been identified by observing these features (16). The effect of 
IS elements on the genes with which they are associated is well 
documented (8), and it is conceivable that they may act genet- 
ically to increase the transmissibility and pathogenicity of cer- 
tain strains of B. cepacia. 

We originally identified the strains obtained by Govan et al. 
(10) in 1993 and ourselves (13, 25), from the United Kingdom 
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TABLE 1. Oligonucleotide primers used to detect the various IS 
elements and cblA pilin subunit gene in B. cepacia 



Target 
gene 



Primer sequences 



Amplicon 
size (bp) 



\S402 

IS406 

IS407 

IS408 

IS/556 

cblA a 



A: 
B: 
A: 
B: 
A: 
B: 
A: 
B: 
A: 
B: 
A: 
B: 



5'-CAA 
5'-GCT 
5'-GAC 
5'-AAG 
5'-TCA 
5'-CGG 
5'-TTG 
5'-TCG 
5'-GGC 
5'-TCC 
5'-CCA 
5'-ACG 



CCG 
GCT 
GGT 

ccc 

TCG 
AAG 
AAG 
ACT 
CCT 
GGC 
AAG 
CGA 



AGA 
TGC 
GGG 
TGA 
GGT 
CGA 
GAA 
TCG 
GAA 
GAC 
GAC 
TGT 



CTG AGG 
CAA TCG 
TCT GAC 
GTC CCT 
TTC TGA 
GCT GCA 
GTC CTG 
CCC AAT 
GAA GGC 
ACC TCG 
TAA CCC 
CCA TCA 



AGA 
CGC 
GCC 
CGT 
AGG 
CGG 
CGA 
CCT 
GAT 
ATG 
A-3' 
CA-3 



TG-3' 
TC-3' 
AT-3' 
CG-3' 
AA-3' 
TC-3' 
CT-3' 
TG-3' 
AT-3' 
CC-3' 



250 
450 
750 
370 
327 
610 



' Primers were first described by Sajjan et al. (28). 



and Canada, respectively, as having an identical enzyme elec- 
trophoretic allotype (electrophoretic type 12 [ET12]), the first 
direct evidence that the anecdotal association of Canadian B. 
cepacia strains currently endemic in Ontario and those causing 
an epidemic in the United Kingdom were the same. In the 
present study, the frequencies of occurrence of various IS 
elements were studied in our collection of clinical B. cepacia 
strains to determine if any relationship exists between these 
genetic modifiers and electrophoretic type (ET) or ribotype 
(RT). Additionally, a recent publication by Sun et al. (36) 
described the presence of novel cable pili in the epidemic clone 
described above, and our collection of strains was therefore 
also screened for the presence of the cblA pilin subunit gene. 



conditions consisted of an initial denatu ration of 2 mi n at 94°C; this was followed 
by 30 cycles of 30 s at 94°C, 30 s at 60°C, and 30 s at 72°C. Following amplifi- 
cation, the samples were incubated at 72°C for 10 min and were then cooled to 
4°C Amplicons were detected by electrophoresis in 2% agarose and staining with 
ethidium bromide (29). 

Vectorette PCR was performed as described previously (23) by using primer 
IS/356-A (Table 1) as the target primer. Vectorette libraries were constructed 
with NAs from strain LCDC 92^98 (ET12, RT20) for BamUl, Bell, Bglll, 
Eco Rl, HindlU, Nhel, Sail, Spel, and Xba\. This isolate is a member of the group 
of strains implicated in the spread of B. cepacia ET12 between the United 
Kingdom and Canada (10, 13, 31). Amplification was performed as described 
above by using a two-step thermocycling profile of 30 cycles of 94°C for 30 s and 
72°C for 3 min. The reaction mixtures were analyzed on a 1% low-melting-point 
agarose gel, and the resulting amplicons were excised from the gel and purified 
with the Wizard PCR Prep Purification system (Promega, Madison, Wis.). 

Cloning and sequencing of IS402-IS1 356. A bacteriophage library was con- 
structed from strain LCDC 92-498 by using the ZAP Express Cloning Kit (Strat- 
agene, La Jolla, Calif.). The probe was prepared by amplifying NA from strain 
LCDC 92-498 with the primers IS/356- A and IS/J56-B (Table 1) in the presence 
of digoxigenin-ll-uridine-5 '-triphosphate (DIG). PCR conditions were identical 
to those used to detect the IS; however, the deoxynucleoside triphosphates were 
substituted with DIG Labeling Mix (Boehringer Mannheim). Positive clones 
were identified with the DIG DNA Detection Kit (Boehringer Mannheim) 
according to the manufacturer's directions. After purification of the bacterio- 
phage clones, the phagemids were excised as directed in the ZAP Express Kit 
and plasmid DNA was purified with the Quiawell Plus Plasmid purification 
system (Quiagen, Chatsworth, Calif.) as recommended by the manufacturer. 

Sequencing was performed on an ABI 373 automated DNA sequencer by 
using the Prism Dye Terminator sequencing kit (Applied Biosystems). Sequenc- 
ing primers were designed on the basis of the acquired data as required to 
complete the sequence. Sequence analysis was performed with the various pro- 
grams supplied with PG/Gene (Intelligenetics, Mountain View, Calif.) and La- 
sergene (DNAStar, Madison, Wis.). Phylogenetic analysis was performed with 
PAUP, version 3.0 (37). 

IS designation and nucleotide sequence accession number. The IS/356 des- 
ignation was from Esther M. Lederberg (Stanford University School of Medi- 
cine, Stanford, Calif.), under the auspices of the Plasmid Reference Centre 
Prefix Registry. 

The \S402-\S1356 sequence has been assigned GenBank accession number 
U44828. 



MATERIALS AND METHODS 

Bacterial strains, nucleic acid preparation, ribotyping, and multilocus enzyme 
electrophoresis. The collection of strains used in the investigation consisted of 99 
isolates of B. cepacia, most of which were previously characterized for their ETs 
and RTs (13). Strains were grown overnight on Columbia blood agar base 
(Quelabs, Montreal, Quebec, Canada) at 37°C in 5% C0 2 prior to nucleic acid 
(NA) extraction. The isolates were originally obtained as isolates either from CF 
patients or from nosocomial outbreaks, and they were maintained in the culture 
collection of the Laboratory Centre for Disease Control, Ottawa, Ontario, Can- 
ada. Two of the strains investigated were American Type Culture Collection 
(ATCC) reference strains of environmental origin (ATCC 17759 and ATCC 
25416). Procedures for NA purification, ribotyping, and multilocus enzyme elec- 
trophoresis were as described previously (13). 

Oligonucleotide primers and PCR amplification. The sequences of the oligo- 
nucleotide primers designed to detect the various IS elements and the pilin 
subunit gene are summarized in Table 1 and are based on the published se- 
quences for IS402 (6), IS406 and IS407 (41), IS408 (2), and cblA (36). Primers for 
the detection of IS/356 were designed on the basis of the sequence data acquired 
in the present investigation. All primers were synthesized on a 392 DNA-RNA 
Synthesizer (Applied Biosystems, Foster City, Calif.) by using standard phos- 
phoramidite chemistry. Amplification was performed in a PE9600 thermocycler 
(Perkin-Elmer Cetus, Foster City, Calif.), with PCR mixtures containing 0.2 mg 
of NA per ml, 200 mM deoxynucleoside triphosphate, 1 mM (each) primer in the 
pair, 50 U of Taq polymerase (Boehringer Mannheim, Laval, Quebec, Canada) 
per ml, and lx reaction buffer supplied by the manufacturer. Thermocycling 



RESULTS 

Frequency of targeted IS elements in B. cepacia. The fre- 
quencies of occurrence of targeted IS elements in B. cepacia 
isolates from environmental, nosocomial, and CF patient 
sources are recorded in Table 2. Overall, IS402 was found in 
68.7% of the isolates, \S406 was found in 22.2% of the isolates, 
IS407 was found in 48.5% of the isolates, IS408 was found in 
53.5% of the isolates, and IS1356 was found in 71.7% of the 
isolates. In addition to these IS elements, primer sets were also 
designed to amplify IS401 (2), but no amplicons were detected 
in this collection of isolates (data not shown). There were no 
apparent linkages between the presence of these IS elements 
and an ET or an RT, with one notable exception. The primers 
targeting IS402, in addition to detecting the IS element, also 
primed an additional amplicon of approximately 650 bp in 
some isolates. This anomaly was restricted to strains desig- 
nated ET12, which is the ET of isolates documented to be 
highly transmissible in CF patients (10, 13, 31). Sequence data 
revealed that the 650-bp amplicon consisted initially of the 



TABLE 2. Distribution of IS elements in B. cepacia isolates 



Source 


No. of 






No. (%) of isolates with the indicated IS element 




isolates 


\S402 


\S406 


\S407 


\S408 


IS1356 


\S402-\S1356 


Environmental 


2 


0 (0.0) 


0 (0.0) 


0 (0.0) 


0 (0.0) 


1 (50.0) 


0 (0.0) 


Nosocomial 


15 


10 (66.7) 


7 (46.7) 


2(13.3) 


12(80.0) 


4 (26.7) 


0(0.0) 


CF patients 


82 


58 (70.7) 


15 (18.3) 


46 (56.1) 


41 (50.0) 


66 (80.5) 


36(43.9) 


Total 


99 


68 (68.7) 


22 (22.2) 


48 (48.5) 


53 (53.5) 


71 (71.7) 


36 (36.4) 
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GACAaCTGCGGCGCCCTTCCTTGACAAGCTTAGACA CCCTTTCAAAAACCCCCCCTCCGCCTCTTAACTTCCGCGGCGAGCTQTTAACCTCAGCCATCCGAACAACTGAGACCCAGSAgA 120 

I gg 

TCQCCAACCCGATCATTGACGACCAACCGTGGACATTCATCGAGCCCTT ATTGCCGCCACCCAAGCGAGCCTATCCGAACTTTTGTGTGTGA6GCA TAAACTCATGGCCAACCACCCACG 240 

mm ■ I 

TTATGCCAC6CAAACGCAAG6AAGAAGTGCCGGTAGAACCGGGCAAGGGCTTGAACCTGGACCCGGAACTCATCAAGCAACTGGTGCCCCGAACGCTGGATCGGGCTTCGATCAAC6AGC 360 

WPRKRKEEVPVEPGKGLWLDPEL I K0LVPGTL0RAS1NE 

m*m 

AATTCGCGGCCCTGAAGAAGGCGATATTCGAGCGCGCGCTGGGCGGCGAACTGACCCACCACCTGGGCTACGAGAAGGGCGATGCCAAGCCGCC6GGCCGCACGAACCATCGCAACGGCA 480 
QFAALKKA1FERALGGELTHHLGYEKC0AKPAGRTNHRNC 

isiaat 

CCAGCCGTAAGCGCATCGCGACCGACCATGATCTCCTCGACATCGAGATTCCGCGCGACCGCGAAGGCACGTTCGATCCGGT6CT6ATTGCCAAGGGCGAGCGACGCTTCAC6GGCTTCC 600 
TSRKR1ATD0DLLDIE1PRDRECTFDPVLIAKGERRFTQF 

B18M 

ACGACAAGATCATTGCGATGTACCCACGCCGCATGAGCGTGCGGGAGATTCAGGGTTTCTTGCTGGAGATGTACGGCATCGAGGTGTCCCCGGAATTCATCAGCACGGTGACCGACGCCC 720 
DQK1 tAHYARQHSVRElQGFLLEHYGIEVSPEFlSTVTOA 

OHM 

TGATCCACGAAGTGCGCGAGTGGCAGCAGCGGCCGCTTGAGCCGATGTACCCGGTCGTGTTCTTCGACGCCTTGCGAGTCAAGATCCGCCACCAACGCGTCGTGCGCAACAAGCCGATCT 640 
y 1 D EvREWQORPLEPHYPV VFFDALRVK I ROEGVVRNKA I 



ACCTGGCGCTGGGCGTCCGCCGCGACCGCACACGCGACGTGCTGGGCCTCTGGATCGAGCAGACCGAGGGCGCCAAGTTCTGGCTGCGGGTGGTCAACGAGCTGAAGCTGCGCGGCGTGC 960 
YLALGVRROGTRDVLCLWlEOTECAKFtfURtfVNELKLRGV 

181381 

AGGACATTCTGATCGCCCTGGTCCACCGCCTCAAGGGCTTCCC6GAACCCATCAACACGGTGTTCCCCCAAACCACGGTCCAGACCTGCATCGTGCATCTCATCCGCAACTCCCTC6ACT 1080 
QDILlAVVDGLKGFPEAIHTVFPETTVOTCIVHLtRMSLO 

TCGCCAGTTGGAAGGACCGGAAATCGGTCGCGGCGGCGCTCAAGGAAGTCTATCGGGCACCGTC6GCCGAAGCGGCCGCCGTGGCGCTGGACGCCTTCGATACGACCCCGTGG6GTACCA 1200 
FASWKORKSVAAALKEVYRAPSAEAAAVALOAFDTSPWCT 

w5 

AATACCCTCCGATTGCCGCGCTCTGGCGCCGGGCCTGGCATCAGGTGATTCCGTTCTACGCCTTCGCGCCCGACATCCGGAAAATTGTATATACGACCAACGCGATCGAGTCGCTGCATA 1320 
K V P P 1-AALWRRAtfDOV 1PFYAFAPD1 RK I VYT TNA I ESLH 



TGCAGCTTCGAAAGATCATCAAGGCGCGCGGCCACTTCCCGTCGGACCAGGCCGCGCTCAAACTGATCTGGCTGGCGCTGCGCAACGTCGTGGCCAAGTCGACCGGCTCTCGGCACGATT 1440 
fl Q I R K I I KARQHFPSOEAALKL 1 tfLALRNVVAKWTCSRHD 

GGAAGAGCGCGATGACCCAGTTCGCGCTCCTTTACCCCGAACGATTCAACATTGGAATCTCAATCTCAACCC GCCTCACACACGCAATTCCCGATACCT CCACCCAAGCCGCGCCCCGAG 1660 

WKSAHTOFALLYPERFN I G I I ggjg 

mmt II om 

AAAAACCCAGGCCGCCTGCCTGTTTCGAATCGCQCCGCCCTGACCGGCATCCTaTTCGTTCTCAAGACCGGACTGCQCTGGCGCCACCTGCCCGCCCACATGCGCTCCGGCTCGGGCGTG 1680 

ACTTGCTGGCGACGGCTACCCGATTGCCAGCCTCCGGCCGTATGGQATCGCCTGCACGAATTCCTCCTTGCGAAGCTCCGAGCAGCAGACCAAATCGATTTCTCCCGAGCCCCAGTCGAT 1800 

TCCTCATCCATTCGCGCCCTTQGCGCGGGCCAAAAACTCGGCCAAACCCCACCCATCCCGCGCGACCAG6TTCTAAGCACCACATCGTCACCCACCCCAATCGCACCCCCCTCGCCGCGA 1920 

ts«a 

TCCTGACCGGCGCCAACGTTCACGATGTCACGCAGCTGCTGCCGCTGATCGATGCGATTCCGCCAATTCGTGGGTTGCGCGGCCACCCACTGCAGACACCGCGCGTGGTCTACGCCGATC 2040 

GCGGTTACGACYCTGAGCSGCATCGACCCCCGTTCCGCGATCGCQQTATCGAGCCGGTTATCGCCAAGCGCCGCACCGAACATGGCAGCGGCCTTGGAAAATATCGCTCCGTCQTTQAAC 2160 

am 

GCACGCATGCCTGGCTGCATCACTTCCGTCGTCTCCGCATTCGTTTCCACCGCCGTGCAGACATTCACGGC6CGTTCCTCAAACTCGGTTGCTGCCTGATCTGCTGCAATACCCTTCGGC 2280 

■MM 

CGQCCCACCAGTCTTTATCAAACCGTCTCTTAATTTGTCATATTCATCAGGACTATTTCTCATGGCATTCTTTCCTCCACA 2381 



FIG. 1. Nucleotide sequence of IS402-IS1356 and the amino acid sequence of the putative transposase of IS/356. The pertinent features of the \S402-\S1356 
element are illustrated below the nucleotide sequence. The locations of \S402 and IS/356 and their terminal inverted repeats are shown by the open boxes. The 10-bp 
duplication of IS402 due to the insertion of IS7356 is indicated by the solid bars. 



IS402 sequence, but this was interrupted after 154 bp and was 
succeeded by the sequence of 1S1356. 

Cloning and characterization of IS402-IS1 356. Through the 
use of the vectorette PCR, an amplicon of approximately 1,300 
bp was obtained from the Bell library and was used for se- 
quencing. The Bgll and EcoRl libraries also produced ampli- 
cons, but these were considerably smaller in size and were not 
investigated further. After sequencing of the amplicon, further 
attempts at "gene walking" through the use of vectorette PCR 
proved unsuccessful because of the large number of unresolv- 
able amplicons obtained. From the bacteriophage library 10 
candidate clones were selected for sequencing and allowed for 
the identification of three different insertion sites. Insertion 
into IS402 is shown in Fig. 1. The two other sites identified 



were 5'-CTGACCGGCGG-IS7556-CCACCGGTGA-3' and 
5'-CGTTGTCTCG-IS7356-3'. The clone containing the latter 
insertion site did not contain the full IS/356 sequence, and 
therefore, the 3' insertion sequence is not known. 

The IS402-IS1356 element consists of the IS402 reported by 
Ferrante and Lessie (6), including the 3-base duplication (5'- 
TTA-3') at the insertion site. Although certain sequence dif- 
ferences were detected between the IS402 sequence reported 
previously and the one present in the hybrid, these difference 
were not considered significant. The IS402 sequence is inter- 
rupted after 154 bases by IS1356, resulting in a 10-bp duplica- 
tion at the insertion site. IS1356 is 1,353 bp in length and 
terminates at either end by imperfect inverted repeats. The 
left-hand inverted repeat (IRL) is 27 bp in length and the 
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FIG. 2. Phylogenetic relationships among the putative transposases of vari- 
ous IS elements and that of IS/356. The dendrogram was generated after 100 
bootstrap replications of branch-and-bound searches by using PAUP, version 3.0. 
The numbers along the branches indicate the branch lengths, and the numbers at 
the branch nodes are the respective bootstrap values. The transposases com- 
pared with that of IS7356 were those found on \SRm3 from R. meliloti (40), ISCtf 
from Corynebacterium diphtheriae (22) (ISCtf is an unofficial designation for this 
element), IS905 from Lactococcus lactis (5), IS//9/ from Streptococcus ther- 
mophilic (11), IS/20/ from Lactobacillus helveticus (39), \SRm5 from R. meliloti 
(14), \S406 from B. cepacia (41), IS/05/ from Mycobacterium bovis (4), and \S256 
from Staphylococcus aureus (3). 



right-hand inverted repeat (IRR) is 29 bp in length, with seven 
mismatches over the common region. IS/356 contains one 
major open reading frame of 1,260 bp which codes for a pu- 
tative transposase. This transposase showed significant homol- 
ogies to several others found in the Swiss-Prot 31 database, 
with the most significant homologies of 59% to \SRm3 found in 
Rhizobium meliloti (40) and 49% to an undesignated IS found 
in Corynebacterium diphtheriae (22). The phylogenetic relation- 
ships between several of the more closely related transposases 
are shown in Fig. 2. 

In order to determine if the IS402-IS/J56 element had a 
conserved insertion site, primers which would amplify either 
the 5' or 3' insertion sites were designed, and the resulting 
amplicons were sequenced (data not shown). All isolates in 
which the IS402-IS1356 hybrid IS element was detected 
yielded an amplicon of the predicted size with a sequence 
identical to that originally identified. 

Distribution of targeted IS elements and cblA pilin subunit 
genes among several B. cepacia ETs. Table 3 summarizes the 
distributions of the IS elements and the cblA pilin subunit 
genes in our collection of 99 strains representative of 20 ETs. 
When IS1356 was detected in strains, the primers did not 
permit discrimination between IS elements found as the hybrid 
and IS/356 located at other sites. The initial identification of 
the 1S402-IS1356 element was accomplished by observing the 
650-bp band obtained with the IS402 primer set; however, in 
these strains successful amplification of the target was difficult 
to reproduce, so the presence of the hybrid was confirmed by 
screening all isolates with the IS402-A and IS/556-B primers to 
obtain a 592-bp amplicon (data not shown). 

Two of the ET12 isolates studied were found to lack the 
1S402-IS1356 element. One of these isolates was found to 
possess all of the other IS elements investigated except IS406, 
and the other possessed IS408 and IS/356. Neither of these 
two ET12 isolates lacking the hybrid element were clearly 
associated with the epidemic, in that one is a reference strain 
used many years ago to establish the sero typing scheme for B. 
cepacia (18) and the other came from a CF patient resident in 



TABLE 3. Distribution of targeted genes in B. cepacia strains representing 20 ETs 



No. of No. of isolates with the indicated IS or gene 



ET 


isolates 
tested 


Source" 


\S402 


IS406 


IS407 


\S408 


IS1356 


\S402-\S1356 


cblA 


1 


1 


CF 


1 


0 


1 


1 


1 


0 


0 


2 


1 


CF 


1 


0 


1 


0 


0 


0 


0 


3 


1 


NS 


1 


0 


0 


1 


0 


0 


0 


4 


2 


CF 


0 


0 


0 


0 


1 


0 


0 


5 


1 


CF 


0 


0 


1 


0 


0 


0 


0 


6 


3 


CF 


0 


0 


0 


0 


2 


0 


0 


7 


1 


CF 


0 


0 


0 


0 


0 


0 


0 


8 


2 


NS 


2 


1 


2 


1 


0 


0 


0 


9 


1 


ENV 


0 


0 


0 


0 


0 


0 


0 


10 


1 


NS 


0 


0 


0 


I 


0 


0 


0 


11 


5 


NS 


1 


3 


0 


4 


2 


0 


0 


12* 


38 


CF 


37 


10 


37 


32 


38 


36 


38 


13 c 


1 


CF 


1 


0 


1 


0 


1 


0 


1 


14 


1 


CF 


0 


0 


1 


0 


1 


0 


0 


15 


1 


NS 


1 


0 


0 


1 


1 


0 


0 


16 


18 


CF 


9 


2 


2 


1 


18 


0 


0 


17 


12 


CF 


10 


2 


2 


7 


5 


0 


0 


18 


4 


NS 


4 


4 


0 


4 


0 


0 


0 


19 


1 


ENV 


0 


0 


0 


0 


1 


0 


0 


20 


4 


CF 


0 


0 


0 


0 


0 


0 


0 



a CF, CF patient; ENV, environmental; NS, nosocomial. 

h Epidemic transatlantic clone (Canada and the United Kingdom). 

c Isolate from a Canadian CF patient in a province remote from Ontario and with no known epidemic association. 
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a remote area of northern Ontario with no known association 
with areas of the provincial epidemic in the south. The cblA 
pilin subunit gene was found in all ET12 isolates tested and 
one strain of ET13 from an adult CF patient in a province 
remote from Ontario. There is no documented evidence of an 
epidemic association or the spread of this single ET13 isolate, 
which differs in only one esterase allele from ET12 and which 
is 1S402-IS1356 negative (Table 3). The cblA amplicon from 
this isolate was subjected to sequence analysis and was found 
to be identical to that in the ET12 isolates (data not shown). 

DISCUSSION 

In our earlier study (13), we demonstrated that while RTs 
appear to be highly variable in a geographical context, ETs 
seem relatively stable in a population of B. cepacia isolates 
from particular clinical sources and may, in fact, be the best 
indicator of a clonal distribution. Considering the large num- 
ber of ISs know to reside in B. cepacia strains and their pro- 
pensity to cause genetic rearrangements, the variability of RTs 
is not surprising. Since a number of IS elements found in B. 
cepacia isolates have been shown to affect the expression of 
associated genes in other circumstances (6, 16, 30, 41), we 
questioned if there were any linkages between carriage of 
particular IS elements, transmissibility, and/or virulence and 
ET type. 

During the course of our investigations we succeeded in 
identifying a previously unreported IS element, which has been 
designated IS7 356. This sequence has a structure typical of ISs 
in that it is terminated by inverted repeats, contains an open 
reading frame which spans virtually its entire length, and codes 
for a putative transposase. An interesting feature of IS1356 is 
the high degree of similarity of the transposase to a variety of 
others identified on IS elements from a wide distribution of 
organisms. During the characterization of lSRm5, Laberge et 
al. (14) observed that there appears to be a family of IS ele- 
ments, of which IS1356 is now a member, which share a com- 
mon ancestry, even though the hosts of these IS elements are 
from highly divergent bacterial families. From an evolutionary 
standpoint these similarities are quite intriguing. Similarities 
between IS elements from B. cepacia and R. meliloti strains 
could possibly be explained by their close association with 
respect to environmental habitat, but the ancestral relationship 
between these organisms and the other members of this family 
is difficult to fathom. Another interesting feature of 1S1356 is 
its insertion into \S402. While this arrangement is not unprec- 
edented (14, 32), it proved to be unique to a particular clonal 
cluster of B. cepacia (the ET12 cluster) and was not found in 
other isolates. In addition, the site of insertion of the IS402- 
IS1356 element was identical in all of the isolates investigated, 
further supporting the clonal nature of this group of isolates. 

Although a large number of IS elements have been identi- 
fied in B. cepacia strains, our study of their distribution was 
limited by the fact that only a small number of these have been 
sequenced. For those for which sequence data were available, 
no relationship between ET, RT, and IS carriage was found 
with the exception of the association of the IS402-IS1356 ele- 
ment with ET12. The IS402-IS7356 element was only found in 
B. cepacia strains isolated from CF patients and was restricted 
to ET12, with 36 of 38 (94.7%) of these isolates harboring the 
hybrid. Two of the 38 ET12 isolates examined lacked the 
IS402-IS/556 element, although they both contained IS1356 
alone. Neither strain could be directly linked to the epidemic 
clone, because one was an early isolate used to establish a 
serotyping scheme and therefore was temporally unrelated and 
the other was isolated from a CF patient living in a remote 



location in Ontario with no obvious connections to the urban 
epidemic in that province. 

The current study did not directly address this issue; how- 
ever, it was noted that there appeared to be a certain bias in 
the distribution of IS elements among the clinical isolates with 
respect to the source of the host from which the strains were 
isolated. The IS elements 1S406 and \S408 appeared more 
frequently in nosocomial isolates, whereas the IS elements 
IS407 and IS1356 appeared more frequently in isolates from 
CF patients. 1S402 was equally distributed between the two 
groups, and the IS402-IS1356 element was found exclusively in 
CF patients and was restricted to ET12 isolates. Admittedly, 
the number of nosocomial isolates investigated was low and a 
wider sampling may alter the apparent bias in IS element 
distribution; however, it is also possible that this bias may 
reflect an ancestral branching of B. cepacia strains with respect 
to their clinical significance and association with a particular 
disease manifestation. 

At present it is not known if the IS402AS1356 element is 
linked to the apparent increase in transmissibility and viru- 
lence of B. cepacia ET12, only that there is an "association." It 
is quite possible that the hybrid IS is simply a marker for this 
particular lineage of B. cepacia. Although the present study 
was not designed to demonstrate a direct effect of IS elements 
on virulence, the possibility of this type of association is not 
precluded. The importance of IS elements in the adaptability 
of B. cepacia isolates should not be ignored, and while they 
may not be directly related to virulence, they may, nonetheless, 
play an important indirect role in pathogenicity by assisting in 
the acquisition of virulence factors in certain strains. 

The pathogenicity of B. cepacia and the implications of col- 
onization with this organism are of considerable interest to 
those involved in the management of CF patients. Anecdotal 
evidence has recently linked a highly transmissible ET12 clone 
currently endemic in Ontario, Canada, to that causing an 
epidemic in the United Kingdom (10, 13). Sun et al. (36) 
demonstrated that the infectious, transatlantic clone was char- 
acterized by both cblA gene sequences and a similar chromo- 
somal fingerprint. In the current study we found that the cblA 
pilin subunit gene was present in 100% (38 isolates from 18 
patients) of the epidemic ET12 isolates in our collection of B. 
cepacia strains. However, it was also found in one ET13 isolate 
from an adult CF patient living in a province which has never 
been particularly associated with epidemics of any nature. 
Since Sun et al. (36) also identified a single unrelated isolate 
with a divergent cblA NA sequence, the PCR amplicon from 
our ET13 isolate was sequenced and was found to be identical 
to that characterized for the epidemic strain. In view of this 
evidence it would appear that, upon a wider sampling, the cblA 
pilin subunit gene may prove to be more invariant among 
unrelated strains than reported by Sun et al. (36). 

In addition to the cblA pilin subunit gene association, Sun et 
al. (36) also presented limited ribotyping data and phyloge- 
netic analysis which appeared to support the clonal nature of 
these strains. In their investigation, two very similar ribotype 
patterns were identified for the epidemic strains, and it was 
suggested that this general profile could also be used to iden- 
tify these strains. However, in our earlier work (13), in addition 
to the two RT patterns identified by Sun et al. (36), we iden- 
tified five other RT patterns within the epidemic strains using 
an identical methodology. It should also be noted that the 
group of bands which were invariant among the ET12 isolates 
were also seen in other unrelated isolates of various ETs. With 
this in mind it would appear that the claims made by Sun et al. 
(36) as to the usefulness of ribotyping as a screening method 
were somewhat premature and perhaps overly optimistic. 
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In view of the potential impact on future protocols for the 
management of B. cepacia -colonized CF patients, caution is 
advised in the screening of isolates solely on the basis of mark- 
ers attributed to a single highly transmissible strain. It is clear 
that the cblA pilin subunit gene, the ET12 genotype, and the 
IS402-1S1356 element appear to correlate well with this one 
particular epidemic strain, and the ability to identify this clone 
is not without value. However, as Sun et al. (36) also acknowl- 
edge, other distinct and highly transmissible epidemic lineages 
for which no genetic marker is currently available appear to 
exist. If any of these methods were prematurely implemented 
to screen CF patients, we would risk placing patients in the 
wrong groups, and the consequences in the case of these CF 
patients would be clinically and personally tragic. 

The genome of B. cepacia is exceedingly complex, having 
three large chromosomal elements and a large plasmid, an 
arrangement apparently unique among eubacteria (24), and 
more genes involved in metabolism and pathogenicity need to 
be identified in order to provide important information on the 
virulence of clinical isolates. In view of the current data, it 
would appear that several genetic loci may need to be charac- 
terized and to agree in order to accurately assign clinical iso- 
lates to epidemic lineages. Until more is known about the 
pathogenicity of B. cepacia and the resulting implications to 
the CF community, we recommend that caution be applied 
before establishing any definitive phenotypic or genotypic 
screening criteria. 
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Burkholderia cepacia is a problematic pathogen that may spread among patients with cystic fibrosis (CF). 
One highly infectious CF strain that causes epidemics in both the United Kingdom and eastern Canada has 
been shown to possess both the cable pilin subunit gene (cbIA) and a unique combination of insertion 
sequences. However, no genetic markers linking this strain type with other types epidemic at various centers 
have been identified. Using a randomly amplified polymorphic DNA (RAPD) typing scheme, we identified an 
apparently conserved 1.4-kb fragment in the DNA fingerprint of epidemic B. cepacia strains. Conservation of 
the DNA marker among epidemic strains was demonstrated by Southern hybridization, and its prevalence was 
assessed in a collection of chromosomal DNAs extracted from 627 isolates representative of 132 RAPD-defined 
B. cepacia strain types. The marker was specifically associated with seven epidemic CF strains, was absent 
among nonepidemic strains infecting individual patients with CF, and rare among strains recovered from the 
natural environment. Only one of the seven epidemic CF strain types possessed DNA homologous to cbIA. The 
RAPD marker was designated the U B. cepacia epidemic strain marker" (BCESM). Sequence analysis of 
chromosomal DNA corresponding to the 1.4-kb RAPD marker revealed the presence of a putative open reading 
frame (ORF) with significant homology to several negative transcriptional regulators; the ORF was designated 
the "epidemic strain marker regulator," or esmR. The BCESM DNA is the first genetic marker that has been 
identified to be specifically associated with and conserved among several epidemic B. cepacia strains which 
infect multiple patients with CF. 



Despite its evolving role in pulmonary infection in patients 
with cystic fibrosis (CF), very little is known about the patho- 
genesis of Burkholderia cepacia. Colonization of CF patients 
with B. cepacia has serious clinical implications since the or- 
ganism is highly virulent in certain patients (30) and is resistant 
to multiple antibiotics (4) and because patient-to-patient 
spread of the bacterium, first documented in 1990 (17), may 
occur. Evidence of the spread of B. cepacia strains among 
patients with CF and clustering of strain types at treatment 
centers has now been reported by a number of investigators 
(11, 18, 20); however, the factors which facilitate patient- to- 
patient transmission of B. cepacia remain poorly understood. 
Transmission of B. cepacia among CF patients may be depen- 
dent on a number of risk factors including strain type (29, 31), 
patient behavior and population (11), use of contaminated 
therapeutic devices (15), and CF treatment center practices 
(14). 

Few B. cepacia virulence factors have been characterized 
phenotypically or studied at the genetic level, and little is 
known about their role in pathogenesis during CF infection. B. 
cepacia may bind to and colonize respiratory epithelia in CF 
patients by mechanisms similar to those described for Pseudo- 
monas aeruginosa (6). Both organisms are generally motile and 
piliated and may adhere to the same disaccharide moiety 
present in many asialoglycolipids (21). B. cepacia also secretes 
a number of extracellular virulence factors including sid- 
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erophores, proteinases, hemolysins, and lipase (21). Evasion of 
the immune system may also be enhanced by the intrinsic 
resistance of B. cepacia to nonoxidative killing (27). B. cepacia 
recovered from CF patients whose clinical condition has un- 
dergone rapid deterioration binds to respiratory mucins with 
high affinity in vitro (23), and adherence to buccal epithelial 
cells may occur via both pilus-mediated and non-pilus-medi- 
ated adhesive mechanisms (24). To date, the only genetically 
characterized virulence factor associated with an epidemic B. 
cepacia strain type from CF patients is the cable pilus (10, 25, 
29). Tyler et al. (31) recently described a novel insertion se- 
quence (IS), IS/356, which, in association with the element 
IS402, may also serve as a genetic marker for the epidemic B. 
cepacia strain type with a cable pilus; the pathogenic signifi- 
cance of these ISs remains to be determined (31). These ob- 
servations suggest that spread of the organism may also be 
linked to strain type; however, no genetic markers linking the 
cblA + strain type and CF patient-derived strains epidemic at 
other treatment centers (18, 20) have been identified. 

Using a PCR-based randomly amplified polymorphic DNA 
(RAPD) typing scheme, we typed 627 B. cepacia isolates re- 
covered from CF patients and a variety of other sources (20). 
During the latter study, a DNA band with a conserved size was 
observed in the RAPD fingerprints of B. cepacia strain types 
that were epidemic (infecting multiple CF patients at certain 
treatment centers) and that were presumed to be transmissible. 
The amplified band was absent from the RAPD fingerprints 
obtained from nonepidemic B. cepacia strain types which in- 
fected individual CF patients and rarely occurred in finger- 
prints for isolates recovered from the environment. The 
marker was designated the " B. cepacia epidemic strain 
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marker" (BCESM) because of its association with B. cepacia 
strain types infecting multiple CF patients. In this report, we 
describe the identification of this novel B. cepacia DNA 
marker by RAPD analysis, the prevalence of homologous 
DNA among a collection of 627 B. cepacia isolates, and se- 
quence analysis of the BCESM DNA. The prevalence of the 
cable pilin subunit gene (cblA) (25) among the same collection 
of isolates is also presented. Despite the widespread use of 
RAPD fingerprinting for typing various microorganisms, very 
few of the arbitrarily amplified DNA markers have been stud- 
ied. This report provides the first characterization of a RAPD 
marker specifically amplified from epidemic strains of B. cepa- 
cia. 

MATERIALS AND METHODS 

Bacterial isolation, strains, and culture. B. cepacia isolates recovered from 
patients with CF, patients without CF, and the environment were received from 
the contributors acknowledged previously (20). Microbiological culture, identi- 
fication, and storage of isolates were carried out as described previously (20). B. 
cepacia C5424 (DNA isolation number B57), from which the BCESM was cloned 
(see below), was isolated from a CF patient in Vancouver, British Columbia, 
Canada; the RAPD type of the strain was type 2, and it was a member of the 
cblA + (see below) major epidemic CF lineage (20, 25). Escherichia coti DH5aF' 
was used to subclone B. cepacia DNA. 

Preparation of bacterial DNA and RAPD analysis. For RAPD reactions and 
dot blot hybridization, genomic DNAs were extracted from the B. cepacia strains 
after mechanical disruption exactly as described previously (19, 20). RAPD 
fingerprinting with primer 272 (5'-AGCGGGCCAA-3') was performed as de- 
scribed previously (20). For restriction fragment length polymorphism (RFLP) 
analysis and subcloning, genomic DNAs were purified from the B. cepacia iso- 
lates as follows. Overnight bacterial growths from 2-ml Luria-Bertani broth 
cultures (grown with end-over-end rotation at 37°C in 13-ml screw-cap plastic 
tubes) were harvested by centrifugation. Bacterial pellets were resuspended in 
200 uJ of GET (50 mM glucose, 70 mM EDTA, 50 mM Tris-HCI [pH 8]) and 2.8 
ml of lysis buffer (1% sodium dodecyl sulfate [SDS], 50 mM Tris-HCI [pH 8], 50 
mM EDTA [pH 8]) containing 60 u,g of RNase A per ml and 30 u.g of proteinase 
K (Boehringer Mannheim, Laval, Quebec, Canada) per ml. The resulting lysate 
was incubated at 37°C with end-over-end rotation for 2 to 18 h prior to the 
addition of 1 ml of saturated ammonium acetate. Following vigorous mixing, 
protein and polysaccharide contaminants in the lysate were allowed to precipi- 
tate for 1 h at room temperature and were then removed by centrifugation 
(17,000 X g, 10 min). DNA was then collected from the lysate by ethanol 
precipitation (the addition of 2.5 volumes of ethanol), washed with 70% ethanol, 
dried under vacuum, and dissolved in 200 jjlI of TE (10 mM Tris-HCI [pH 8], 1 
mM EDTA). The yield of DNA was approximately 100 u,g per 2 ml of overnight 
bacterial growth. 

Purification, labelling, and hybridization with the RAPD-derived BCESM 
probe. The 1.4-kb BCESM band amplified from B. cepacia C5424 (DNA number 
B57) with primer 272 by RAPD analysis (see Results) was separated from other 
DNA in the RAPD fingerprint by agarose gel electrophoresis (26); the DNA was 
then purified from an excised agarose slice with a glass bead DNA binding kit 
(Prep-A-Gene; Bio-Rad Laboratories, Mississauga, Ontario, Canada). RAPD 
fingerprints and genomic DNAs were probed with a 1-kb internal fragment of the 
1.4-kb RAPD marker generated by endonuclease digestion with the enzyme ft/I. 
This internal probe was purified by agarose gel electrophoresis as described 
above, and 25 ng was labelled with 50 u.Ci of [* 2 P]dGTP (Amersham, Oakville, 
Ontario, Canada) with a randomly primed DNA labelling kit (Boehringer Mann- 
heim, Laval, Quebec, Canada). 

DNA amplified by RAPD analysis and endonuclease-digested B. cepacia 
genomic DNA were separated by agarose gel electrophoresis and transferred 
onto Hybond N + nylon membranes (Amersham, Oakville, Ontario, Canada) by 
using conventional capillary transfer in 20X SSC (IX SSC is 0.15 M NaCl plus 
0.015 M sodium citrate) (26). The DNA was fixed on the membranes by exposure 
to UV irradiation according to the manufacturer's instructions, and the filters 
were pre hybridized overnight at 65°C in the following hybridization buffer: 6x 
SSC, 0.5% SDS, 5x Denhardt's solution, and 100 u.g of denatured fragmented 
salmon sperm DNA per ml (26). Denatured radiolabeled probe was added to 
fresh hybridization buffer, and hybridization was continued overnight at the same 
temperature. The filters were then washed at high stringency as follows: twice for 
10 min at 65°C in 200 ml of 2 x SSC-0.1% SDS, followed by two more washes in 
200 ml of 0.1 x SSC-0.1% SDS at the same temperature. Autoradiography of the 
filters were obtained by exposure to X-ray film for 24 to 48 h. 

Subcloning of RAPD marker and design of the BCESM PCR probes. The 
1.4-kb RAPD marker from B. cepacia C5424 was purified as described above and 
was subcloned into the PCR product cloning vector pGEM-T (Promega, Fischer 
Scientific, Ottawa, Ontario, Canada). Cloning of the RAPD marker was con- 
firmed by restriction endonuclease digestion with ft/I, and the resulting plasmid 
was designated pGEM-BC57. DNA sequence analysis of the ends of the BCESM 



RAPD-PCR fragment was performed by dideoxy-termination PCR sequencing 
(CircumVent Thermal Cycle DNA sequencing kit; New England Biolabs, Mis- 
sissauga, Ontario, Canada) by using the M13 forward and reverse primers. DNA 
sequences were analyzed manually on acrylamide gels (26). 

Specific 18-base PCR primers able to amplify the 1.4-kb BCESM band were 
designed from the sequence internal to that of RAPD primer 272 (see Results 
and Fig. 4). The sequences of the BCESM -specific primers were as follows (5' to 
3 ): BCESM I, CCACGGACGTGACTAACA, and BCESM 2, CGTCCATCC 
GAACACGAT. PCR mixtures (25 u,l) containing 100 pmol of each primer, 20 
ng of B. cepacia DNA, 250 u.M (each) deoxynucleoside triphosphate, 20 mM 
Tris-HCI (pH 8.4), 50 mM KG, 2 mM MgCl ? , and 1 U of Taq polymerase 
(Canadian Life Technologies, Burlington, Ontario, Canada) were amplified on a 
Perkin-Elmer Cetus thermal cycler (model TC-1), as follows: 30 cycles of 1 min 
at 94°C, 1 min at 63°C, and 2 min at 72°C, followed by a final extension step at 
72°C for 10 min. PCR products were analyzed by electrophoresis in 1 .5% agarose 
gels as described previously (26). 

Dot blot hybridization of if. cepacia DNA with the PCR-derived BCESM probe. 
For dot blot hybridization analysis, approximately 1 |xg of DNA (dissolved in TE) 
from each of the 627 B. cepacia isolates was filtered under vacuum onto positively 
charged nylon membranes (Boehringer Mannheim) by using a 96- we II dot-blot 
apparatus (Bio-Rad Laboratories). The BCESM DNA was amplified from B. 
cepacia C5424 by PCR with the specific primers described above and was simul- 
taneously labelled with digoxigenin-1 l-uridine-5 '-triphosphate (DIG-dUTP) ac- 
cording to the manufacturer's instructions (2a). Dot blot filters were hybridized 
with the DIG-labelled BCESM DNA under the same conditions described above 
for the radiolabeled probe. After stringent washing, the filters were developed 
by chemi luminescence detection with Lumi-Phos 530 according to the manufac- 
turer's instructions (2a). After reaction with the BCESM probe, the filters were 
stripped of the probe by boiling them in 0.4 M NaOH for 10 min, and the filters 
were washed thoroughly with 2x SSC prior to hybridization with the cable pilus 
gene probe (see below). 

Dot blot hybridization of B. cepacia DNA with the cable pilin subunit gene 
probe. A full-length cable pilin subunit gene probe was amplified by PCR from 
B. cepacia C5424 by using the primers and conditions described by Sajjan et al. 

(25) . The 722-bp product was labelled during PCR with DIG-dUTP as described 
above. Pre hybridization, hybridization, washing, and detection of the filters were 
carried out at high stringency exactly as described above for the BCESM probes. 

Subcloning and sequence analysis of B. cepacia chromosomal BCESM region. 
Southern hybridization analysis of B. cepacia C5424 DNA localized the BCESM 
DNA to a 6.0-kb fragment that was generated by digestion of C5424 DNA with 
EcoRl and BamHl. Digested chromosomal DNA in this size range was purified 
following agarose gel electrophoresis as described above and was subcloned into 
E. coli DH5aF' by using EcoRI-ftimHI-digested pUCI8 (26). The resultant 
recombinant clones (approximately 2,000 colonies) were divided into six pools 
and were grown briefly, and then plasmid DNA was extracted by alkaline lysis 

(26) . Plasmid DNA pools were screened by PCR with the BCESM primers as 
described above. The BCESM DNA was amplified from two of the six pools, and 
one of these pools was retransformed into E. coli. PCR with the BCESM primers 
was then performed directly with individual colonies from this transformation, 
and two plasmid clones carrying the BCESM EcoRl-BamHl region were iden- 
tified in the first 36 colonies screened. One of these plasmids was designated 
pTF1.2 and was used in all subsequent characterizations of the BCESM region. 

After restriction mapping of the insert of pTF1.2, a 3.3-kb EcoRl-Sall frag- 
ment encoding the BCESM region was subcloned into pBluescript II SK~ (Strat- 
agene, La Jolla, Calif.), generating the plasmid pTFl 1 . A series of unidirectional 
nested deletions of the insert of this plasmid were created using the Erase-a-Base 
System kit (Promega, Madison, Wis.). Fifteen of the resulting deletion clones 
were sequenced by automated PCR sequencing (Applied Biosystems 377 Auto- 
mated DNA Sequencer and AmpliTaq DyeDeoxy Terminator Cycle Sequenc- 
ing) with the T7 primer. Sequence data were assembled and analyzed by com- 
puter software (Lasergene for Windows; DNASTAR Inc., Madison, Wis.). 

Sequence homology analysis. Computer-assisted searches of the Gen Bank, 
PIR, and SWISSPROT databases were performed by using either the BLAST or 
the BEAUTY program (1, 32). Analysis of the putative EsmR protein was 
performed with the BLOCKS program (13). 

Nucleotide sequence accession number. The BCESM DNA sequence has been 
submitted to GenBank and assigned GenBank accession number U81966. 



RESULTS 

Identification of a RAPD marker of conserved size in epi- 
demic B. cepacia strain types. In a separate study we reported 
a RAPD method that was able to discriminate B. cepacia 
isolates recovered from a variety of sources including CF in- 
fection (20). Primary typing of B. cepacia was performed by 
RAPD analysis with primer 270; however, two additional 
RAPD primers, primers 208 and 272, were used to confirm the 
assignment of a given type (20). The RAPD profiles amplified 
by primer 272 from strains representative of the first 14 RAPD 
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FIG. 1. RAPD fingerprints of B. cepacia isolates amplified with primer 272 
and identification of the 1.4-kb marker, (A) DNA polymorphisms amplified from 
strains representative of 14 B. cepacia RAPD types (the RAPD type and strain 
number are indicated above each lane). The conserved 1.4-kb marker in RAPD 
types 1, 2, 4, and 6 is indicated by the letter T. Molecular size markers were run 
in lane M, and the sizes are indicated in kilobases. (B) Southern blot of the DNA 
in panel A probed with a 1.0-kb Pstl fragment derived from the 1.4-kb marker 
purified from strain C5424 (B57). The position of the hybridizing marker is 
indicated by the letter T. 



types are shown in Fig. 1A. The fingerprint profiles of each 
strain type obtained with primer 272 were distinct, discrimi- 
nated between strain types, and correlated with typing groups 
established with primer 270. However, a 1.4-kb DNA band 
amplified by primer 272 appeared to be conserved in the fin- 
gerprints of B. cepacia strain types for which there was evi- 
dence of patient-to-patient spread among CF patients in Van- 
couver (types 1, 2, 4, and 6; Fig. 1A) and absent from the other 
nine nonepidemic CF strain types and one environmental 
strain type (Fig. 1A). 

B. cepacia type 1 was the predominant strain type colonizing 
9 CF patients attending the pediatric clinic in Vancouver, type 
2 was the epidemic strain type affecting more than 120 patients 
at treatment centers in the United Kingdom and across Can- 
ada, type 4 was the predominant strain type among patients 
attending the adult CF clinic in Vancouver, and type 6 B, 
cepacia infected a total of 5 pediatric CF patients in Vancouver 
(20). Types 3, 5, 7, 8, 10, 12, and 14 (Fig. 1A) were each 
isolated from individual CF patients only (20); B. cepacia type 
15 stably colonized one CF patient and was cultured on only 
one occasion from another CF patient who later became stably 
colonized with a type 6 strain (20). Type 13 isolates were 
recovered from three CF patients in Manchester, United King- 
dom (20); however, the 1.4-kb marker was not apparent in the 
fingerprint profile in Fig. 1A of the representative isolate am- 
plified by RAPD analysis. Type 11 B. cepacia was isolated from 
soil (20). Although the 1.4-kb marker was conserved in size 
among the majority of isolate types which infected multiple CF 
patients, because of the arbitrary nature of RAPD analyses, it 



may not have been homologous among the different strain 
types. 

Conservation of the B. cepacia epidemic strain marker. Con- 
servation of the BCESM DNA was demonstrated by the fol- 
lowing experiments. The 1.4-kb DNA fragment was purified 
from the RAPD fingerprints of type 1, 2, 4, and 6 B. cepacia 
strains, and endonuclease cleavage of the DNA with HaeWX 
and Pstl revealed identical RFLP profiles (data not shown). 
Conservation of the RFLP profile suggested that the chromo- 
somal region amplified by primer 272 in these epidemic B. 
cepacia strain types was homologous. The absence of the 
1.4-kb marker from the nonepidemic CF isolates and the en- 
vironmental isolate examined (Fig. 1A) suggested that this 
chromosomal region was either missing or rearranged such 
that amplification by PCR was not possible. To further assess 
this chromosomal locus, both the randomly amplified DNA 
and the chromosomal DNA from B. cepacia were probed by 
Southern hybridization for the presence of sequences homol- 
ogous to the 1.4-kb RAPD marker. 

Southern hybridization analysis of the RAPD gel shown in 
Fig, 1A with a probe derived from the 1.4-kb RAPD marker of 
B. cepacia C5424 is shown in Fig. IB. The 1.4-kb bands from all 
the B. cepacia isolates representative of the epidemic strain 
types except for type 13 (see below) hybridized to the probe 
(types 1, 2, 4, and 6); homologous DNA was not present in the 
RAPD fingerprints of the other strain types in Fig. 1A, indi- 
cating that the marker band was not amplified, even at a 
different size range, for these isolates. Southern hybridization 
of genomic DNA digested with Pstl also revealed the presence 
of homologous 1-kb DNA in epidemic strain types 1, 2, 4, and 
6 (data not shown); no homologous DNA at any size range was 
detected in the nonepidemic strain types examined (data not 
shown). Examination of restriction enzyme-digested genomic 
DNA from B. cepacia C5424 by Southern hybridization local- 
ized the marker DNA to a 6-kb EcoRl-BamHl chromosomal 
fragment (data not shown). Because the 1.4-kb RAPD frag- 
ment had been localized to a chromosomal locus and was truly 
absent from the nonepidemic CF isolates examined, the 
marker was designated BCESM and was cloned in E. coli for 
further characterization (see below). 

Subcloning of BCESM RAPD band and design of specific 
PCR primers. In order to develop a specific PCR probe for the 
BCESM region and to subsequently facilitate cloning of the 
chromosomally encoded marker region, the 1.4-kb RAPD- 
PCR marker amplified from strain C5424 was cloned in E. coli, 
generating plasmid pBC57 (see Materials and Methods). Se- 
quence analysis of each end of the cloned 1.4-kb PCR fragment 
enabled the design of specific PCR primers by using the se- 
quences internal to that of RAPD primer 272 which formed 
the ends of the amplified marker (see Fig. 4). These specific 
18-base PCR primers, BCESM 1 and BCESM 2 (see Materials 
and Methods), enabled the 1.4-kb marker to be amplified from 
the chromosomal DNAs of positive B. cepacia strains (Fig. 2). 

Amplification of the BCESM by RAPD analysis from strains 
of types 1, 2, 4, and 6 had been demonstrated by Southern 
hybridization (Fig. 1), and these strain types were also positive 
for the specific PCR marker (Fig. 2). Type 13 isolates, which 
lacked the marker by RAPD analysis, but which had the char- 
acteristics of an epidemic B. cepacia strain, were found to 
amplify a single fragment by specific PCR (Fig. 2). The size of 
the marker amplified from type 13 isolates was slightly higher 
than that of the other epidemic types; however, the RFLP 
profile generated by digestion with HaelU was conserved (Fig. 
2) except for the largest cleavage product, suggesting that the 
BCESM of type 13 strains may contain minor DNA sequence 
variations in this region. Type 17 isolates, the predominant CF 
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FIG. 2. Specific amplification of the BCESM DNA from transmissible B. 
cepacia strain types by PCR. The 1 .4-kb BCESM DNA was amplified with the 
specific primers BCESM 1 and BCESM 2 and the conditions described in the 
Materials and Methods. One-tenth of each PCR mixture was loaded for types 1, 
2, 4, 13, 17, and 40 (RAPD type and strain DNA number are indicated above 
each lane); half of the PCR mixture was loaded for the negative control type 3 
(chromosomal template DNA forms the band at the top of this lane). The 
products obtained after HaelU digestion of the BCESM band amplified from 
each type and the Pst\ digestion products of the marker from a type 1 strain 
(B16) are indicated on the right. Molecular size markers are shown in lane M, 
and the sizes are indicated in kilobases. 



strain type at a treatment center in Cleveland, Ohio (18), and 
type 40, an epidemic B. cepacia CF strain from a center in 
Australia (20), were also positive for the marker (Fig. 2). No 
product was observed after amplification of DNA from the 
nonepidemic CF isolates (amplification of the DNA of a type 
3 isolate is shown in Fig. 2). The BCESM DNA amplified by 
specific PCR shared the same /foelll-derived and fM-derived 
RFLP pattern as the RAPD marker (Fig. 2) and also hybrid- 
ized to the RAPD-derived fragment (data not shown), dem- 
onstrating that both types of probe detected the same chro- 
mosomal sequence. 

The specific PCR primers also facilitated the cloning of 
chromosomal BCESM DNA from B. cepacia C5424 into E. coli 
with the vector pUC18 (26) (see Materials and Methods). 

Prevalence of BCESM DNA among B. cepacia isolates re- 
covered from a variety of sources. To assess the prevalence of 
the BCESM region among B. cepacia isolates, total genomic 
DNA from 627 strains, previously assessed by RAPD analysis 
(20), was examined by DNA dot blot hybridization with the 
specific PCR-derived BCESM probe from strain C5424 (Fig. 2, 
DNA sample B57); the results are summarized in Table 1. 
Hybridization was carried out at high stringency in order to 
identify sequences homologous to the BCESM probe (see Ma- 
terials and Methods), and the signals obtained from the DNAs 
of control strains known to be positive for the marker were 
strong (Fig. 3, DNA samples B16, B20, B26, and B57). The 
BCESM PCR probe hybridized with the DNAs of all 128 CF 
isolates which belonged to the epidemic RAPD types 1, 4, 6, 
and 13. Of the three other B. cepacia types which infected 
multiple CF patients (types 2, 17, and 40), DNAs from a total 
of five B. cepacia isolates belonging to these fingerprint types 
did not hybridize to the marker (Table 1); two type 2, one type 
17, and two type 40 isolates were negative for BCESM DNA 
(Table 1). 

Of the remaining CF isolates examined, 101 were recovered 
from a total of 57 individual CF patients and were not shared 
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FIG. 3. Dot blot hybridization of B. cepacia DNA. The autoradiographs 
obtained after hybridization of DNA from the first 60 B. cepacia isolates with the 
BCESM PCR probe (A) and the cable pilus probe (B) are shown. The strain 
DNA number is indicated in panel C. Probe labelling and hybridization were as 
described in the Materials and Methods. 



by another patient (nonepidemic CF patient-derived and 
unique CF patient-derived types; Table 1) (20). Three of the 
types classified as nonepidemic were recovered from two CF 
patients. Infection of the two CF patients with type 15 B. 
cepacia isolates was transient (20). Type 23 and type 35 B. 
cepacia isolates were each recovered from two CF patients at 
treatment centers in Oklahoma City and Edinburgh, United 
Kingdom, respectively; no further isolates of these types were 
found in the collection to support their categorization as epi- 
demic (20). Among the isolates recovered from patients with- 
out CF, 20 of 44 isolates (45%) possessed homologous DNA 
(Table 1). Only 5 of the 58 isolates (8.6%) recovered from 
environmental sources harbored DNA homologous to the 
BCESM probe (Table 1). 

Total genomic DNAs from the following organisms did not 
hybridize to the BCESM probe (n indicates the number of 
strains tested): Agrobacterium radiobacter (n = 1), Alcaligenes 
faecalis (n = 1), Alcaligenes xylosoxidans (n = 5), Burkholderia 
gladioli (n = 13), Candida spp. (n = 1), Comamonas ac- 
idovorans (n = 5), Enterobacter agglomerans (n = 1), E. coli 



812 MAHENTHIRALINGAM ET AL. J. Clin. Microbiol. 



TABLE 1. Hybridization of the BCESM probe to DNA isolated from B. cepacia isolates recovered from a variety of sources 



No. of isolates with 
No of the following % Prevalence 

Source and RAPD type 0 isolates hybridization result: of positive 

strains 

Positive Negative 



Epidemic CF RAPD types (no. of patients colonized) 6 



1 (15) 


48 


48 


0 


100 


2(>119) 


267 


265 


2 


99 


4(21) 


52 


52 


0 


100 


6(5) 


23 


23 


0 


100 


13(3) 


5 


5 


0 


100 


17 c (>2) 


5 


4 


1 


80 


40 (17) 


17 


15 


2 


88 


Noneoidemic CF RAPD rvrjes^ 35 78 10 12 14 15 19 23 24 33 and 35 


50 


o 


50 


o 


Unique CF isolates* 


58 


8 


50 


16 


Clinical RAPD types 1, 4, 9, 29, 32, 36, 38, and 39 


28 


13 


15 


46 


Unique clinical isolates' 


16 


7 


9 


43 


Environmental* RAPD types 2, 11, 14, 18, 21, 22, 24, 25, 26, 28, 30, 31, 34, 37, and 39 


37 


3 


34 


6 


Unique environmental isolates* 


21 


2 


19 


9 


All isolates 










CF isolates 


525 


420 


105 


80 


Clinical isolates 


44 


20 


24 


45 


Environmental isolates 


58 


5 


53 


12 


Total 


627 


445 


182 


71 



a Adapted from RAPD typing data described by Mahenthiralingam et al. (20). , 
b RAPD type infecting more than three CF patients. 

c Type 17 isolates were the dominant strain ribotype among patients attending a Cleveland CF treatment center (18); however, the 5 isolates present in our collection 
were representative of isolates recovered from only two of these patients. 
d RAPD type infecting individual CF patients at the time of data collection and isolate culture. 
e Strains with unique RAPD fingerprints unmatched in our collection at the time of data collection. 
f B. cepacia strains isolated from patients without CF. 
g B. cepacia strains recovered from the environment. 



(n = 2), Chryseobacterium (Flavobacterium) meningosepticum 
(n = 1), P. aeruginosa (n = 15), Mycobacterium tuberculosis 
(n = 2), and Stenotrophomonas (Xanthomonas) maltophil'ia 
(n - 4) (data not shown). 

Correlation of the BCESM marker and B. cepacia RAPD 
type. Since the majority of CF isolates in our collection be- 
longed to the epidemic CF RAPD types 1, 2, 4, 6, 13, 17, and 
40 (417 of 525 CF isolates; Table 1), the bias in total numbers 



may have skewed the distribution of the BCESM probe. How- 
ever, because all 627 isolates had been typed by RAPD anal- 
ysis, the distribution of the BCESM DNA was also examined 
by strain type; these data are summarized in Table 2. 

In total, 78 distinct RAPD types of B. cepacia were recov- 
ered from CF patients, and 15 of these possessed BCESM 
DNA (Table 2). Of the positive strain types, seven types were 
epidemic and infected multiple CF patients, as explained 



TABLE 2. Prevalence of BCESM DNA and cblA DNA among B. cepacia RAPD strain types 



RAPD type" 


Total no. 
of strains 


No. BCESM positive 
(RAPD type) 


No. cblA positive 
(RAPD type) 


CF epidemic type 


7 


7(1, 2,4, 6, 13, 17, and 40) 


1(2) 


CF nonepidemic type 


13 


0 


0 


CF unique type 


58 


8 


1 


Clinical type 6 ' c 


8 


3 (1, 4, and 38) 


0 


Clinical unique type 


16 


4 


0 


Environmental type cM 


15 


2 (2 and 26) 


2(2 and 31) 


Environmental unique type 


21 


2 


3 


Total' 


132 


23 [17.4%] 


6 [4.5%] 



a Adapted from RAPD typing data described by Mahenthiralingam et al. (20). 

b Both clinical and CF isolates of RAPD types 1 and 4 were included in this category. 

c Both clinical and environmental isolates of RAPD type 39 were included in this category. 

d Both CF and environmental isolates of RAPD types 2, 14, and 24 were included in this category. 

e The totals were calculated after subtraction of the six strain types recovered from more than one source, which are described in footnotes b, c, and d. 
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above; the eight remaining positive types had a unique finger- 
print, and each was recovered from an individual CF patient in 
disparate geographical locations (20). Therefore, in contrast to 
the data obtained from the total number of isolates, the ma- 
jority of CF strain types lacked BCESM DNA. Sixty of the 
negative CF strain types (10 nonepidemic CF types and 50 
unique CF types; Table 2) were each recovered from individual 
CF patients, and no evidence of spread of these strain types 
was apparent. Of the three remaining BCESM-negative CF 
strain types (types 15, 23, and 35), evidence of patient-to- 
patient spread was not substantiated by further data (20). 

Among the B. cepacia strain types recovered from patients 
without CF, 7 of a total of 24 types possessed the marker 
(Table 2). Of the 36 strain types recovered from the environ- 
ment, 4 possessed DNA homologous to the BCESM probe. 
Two of these BCESM-positive environmental strain types were 
isolated from hospital environments (types 2 and 26; Table 2) 
(20). The remaining two BCESM-positive types were recov- 
ered from the natural environment (20). 

Prevalence of the cable pilus gene, cblA. The DNAs from all 
627 B. cepacia isolates were also hybridized with the cable pilus 
gene probe (cblA) (25). Dot blot hybridization results for DNA 
from the first 60 isolates are presented in Fig. 3B. In total, 272 
of the 627 isolates tested possessed DNA homologous to the 
cblA gene, and of these, 267 (98%) belonged to the same strain 
lineage, RAPD type 2, the major CF RAPD strain type (20) 
representative of this epidemic lineage (29, 31). None of the 
other epidemic CF strain types or nonepidemic CF strain types 
possessed DNA homologous to cblA. One CF isolate with a 
unique RAPD fingerprint, recovered from a patient in Okla- 
homa, hybridized with the cblA probe; DNA from this isolate 
did not hybridize with the BCESM probe (Table 2). The cblA 
gene was present in B. cepacia ATCC 35130, an environmental 
isolate, and another environmental isolate from Mexico which 
shared the same RAPD type (type 31) as ATCC 35130 (Table 
2). Two further environmental isolates from distinct geograph- 
ical sources (the United States and the United Kingdom) with 
unique RAPD fingerprints possessed cable pilus DNA; both of 
these lacked DNA homologous to the BCESM probe. None of 
the clinical isolate types recovered from patients without CF 
carried the cable pilus gene (Table 2). In total, only 6 of the 132 
RAPD-defined B. cepacia strain types possessed DNA homol- 
ogous to the cable pilin subunit gene (Table 2). 

Nucleotide sequence of the BCESM DNA. A 6.0-kb chromo- 
somal DNA fragment from B. cepacia C5424 (B57) encoding 
BCESM was cloned in E. coli; the nucleotide sequence from 
3.4 kb of DNA encompassing the BCESM probe was deter- 
mined (see Materials and Methods). The features of the 1,600 
bp of DNA spanning the BCESM marker are shown in Fig. 4A, 
and the corresponding nucleotide sequence is shown in Fig. 
4B, 

Sequences identical to those of PCR primers BCESM 1 and 
BCESM 2 were found 1,419 bp apart, and recognition sites for 
the endonuclease Pstl, used to generate the first RAPD-de- 
rived 1.0-kb probe, were encoded 1,022 bp apart within the 
1,419-bp PCR product (Fig. 4). The sequence of RAPD primer 
272 (5'-AGCGGGCCAA-3'), which originally amplified the 
BCESM DNA, was only partially matched upstream and 
downstream of the sequences encoding the specific BCESM 
PCR primers (Fig. 4A). A total of 8 bp upstream and 9 bp 
downstream were matched at the 3' terminus of the primer 
binding site (Fig. 4B). Although this level of homology was 
sufficient for amplification of the marker from most of the 
epidemic strain types under the low-stringency RAPD-PCR 
conditions, the degree of mismatch may explain the inability of 
RAPD analysis to amplify the marker from type 13 strains, 



which may contain further sequence differences in this region 
(Fig. 1 and 3). 

Sequence homology analysis of the BCESM DNA. Sequence 
analysis of the marker revealed the presence of a 834-bp open 
reading frame (ORF) encoding a putative 277-amino-acid pro- 
tein which was internal to the 1.4-kb BCESM marker (Fig. 4). 
Comparison of the sequence of this ORF with nucleotide and 
protein sequences present in the standard databases demon- 
strated significant homology to several negative transcriptional 
regulators. The putative ORF was designated the "epidemic 
strain marker regulator," or esmR, because of the homology to 
negative transcriptional regulators. The putative EsmR protein 
possessed the highest similarity (of 50 to 60% over several 
domains) with YhcK, a hypothetical transcriptional regulator 
from E. coli; UxuR, a regulator of glucuronate metabolism in 
£. coli (2, 3); PdhR, a negative transcriptional regulator of the 
pyruvate dehydrogenase complex of E. coli (28); and LldR, a 
putative regulator gene of E. coli involved in lactate dehydro- 
genase production (8). The region of highest similarity oc- 
curred in the N-terminal domains of all of the homologs, in 
which a helix-turn-helix domain was present. The putative 
EsmR protein also possessed a helix-turn-helix domain (Fig. 
4B), suggesting that it is involved in a regulatory capacity in B. 
cepacia. Thus, EsmR likely belongs to the GntR family of 
bacterial regulatory proteins (12). 

DISCUSSION 

B. cepacia infection in patients with CF is problematic. 
Knowledge of the risk factors leading to transmission and the 
features of B. cepacia which may enable it to spread from one 
CF patient to another is limited. We have identified by RAPD 
analysis a novel region of DNA specifically associated with 
epidemic strain types of B. cepacia which infect multiple CF 
patients at various treatment centers. The identification of this 
marker by RAPD analysis illustrates the versatility of the PCR- 
based technique for the genomic characterization of organisms 
for which genetic knowledge is limited. Identification of a 
putative ORF within the marker DNA sequence, which shares 
homology with a family of negative transcriptional regulators, 
may provide insights into the virulence factors responsible for 
patient-to-patient spread, aid in the identification of problem- 
atic strain types, and assist in the diagnosis and management of 
B. cepacia infections in patients with CF. 

To date, only the cable pilus and mesh pilus virulence factors 
have been linked with epidemically transmitted CF isolates of 
B. cepacia (10, 29). Goldstein et al. (10) categorized B. cepacia 
CF isolates as "epidemically transmitted" and "nonepidemi- 
cally" or "low-level transmissibility" isolates from their epide- 
miological backgrounds. Strains possessing the cable and mesh 
pilus types were categorized with "epidemically transmitted" 
CF isolates (10). Such division of B. cepacia strains must be 
approached with caution since the risk factors for B. cepacia 
transmission and the pathogenesis of the organism are not fully 
understood. Tyler et al. (31) recently described IS markers 
which were also specifically associated with cable pilus-linked 
epidemic lineage. The BCESM DNA identified in this study is 
predominantly associated with strains of B. cepacia that infect 
multiple CF patients at various treatment centers and that by 
definition were epidemic at each center. However, since the 
available epidemiological data on the colonized patients was 
limited, assumptions on the exact mode and frequency of 
transmission of these epidemic B. cepacia strain types cannot 
be accurately made. 

The B. cepacia epidemic strain types infecting multiple CF 
patients attending the Vancouver, Cleveland, Manchester, and 
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CAACGCGTAAAACGCAATCTATGCCGCCGGACAAACGC 240 
TRKTQSMPPDKRGPRTTKRGDQVABL 

ATCAAGGGTTGGATTAACGACGGGCGGGTGCGCCCGGGCAAGCGACTGAACA^ 320 
IKGWINDGRVRPGKRLNK HABLQQMFN 

CGTGAGCCGCGGCTCAATGCGCGATGCGCTCAAGGCACTGGAAGTGCAGGGACTCGTGAGCCTCAGTACAGGCCCCGAGG 400 
V3RQ3MRDALKAL EVQGLVSLSTGPEG 

GAGGCGCCACAATTACGCGTGTGCCGCTTGCGCGGGCATTCCAAGCACTC 480 
GATITRVPLARAFQALQNYLFPBNVT 

CTCGAGGAGCTCTATGCGGTGCGACGCACGCTCGAGCCGATTGTCGCTGCTGGCGCAGTAGCGCATTTGACTC 560 
LEELYAVRRTLEP IVAAGAVARLTDAD 

TTTCGAAGCACTCGAGCGCAGCATTTCAGTGTGCGAGCCGTTTGTGGCCGGCCACGAGCAGGCGCTTGATCAGCGCTGCG 640 
FEALERSI SVCEPFVAGHBQALDQRCB 

AGGATATCCATTTTCACGACGTGCTGGCCGCGGCTCATCCGAACGCGTTTTTGCGGTGCCTTTGCCGGATCATCAATCAG 720 
DIHFHDVLAAAHPNAFLRCLCRI XNQ 

ATGCTGCACTCGCTGGTGATTGTGGCGGGCAACGTC^CGCAGCGTGACTATCAGGCGTTCGGCCGTACGACGCTCGCTGC 800 
MLHSLVIVAGNVTQRDYQAFGRTTLAA 

GCACCGTGCAATTCTCGAGGCTGCACGGCGGCGCGATGCTCAGGCAGTGGAGCGCCTGATGGCCGCGCATATGGACGAGG 880 
HRAZ LEAARRRDAQAVERLMAAHMDEA 

CCGAGGCACAACTGCGGAAAGTAC^TGCCGCGTTGAGGC^AAAGCTTGTGCTCGACTCCGAA 960 
EAQLRKVHAALRQKLVLDSBLDTQMS 

CGCGACGCGTCCTGAGGCGGCATCCACCGACAGCACGGTTCCGCCATCGCATGGTCTGCGGATGCTCGCCGAAATTCACG 1040 
R D A 9 * 

GCATATCAGTCACAATGGGCTAATTAATTACAATAAATAAAATAAATGAGAGTGGGTATGCGCTTCGTGAGGGTAGTAGG 1120 

CGAGGAGCTTGGAGGAAATTACCCGGGTAAACGCTGACATTTTGTTGCTTGACCGTGTGAGATATTCX3ATCGTAAATTTA 1200 

TGATAATAAATAGACGTCAGGATCGAAGCTGCGCACGTGCTGGTCCGAGCGATCTCCGAGGCGGTTCATCGCGTCAGGTC 1280 

GAGGCCGGCGAGGTTTATTCCAAAGCAGCGGCGATCGTTGGTGAACGGCTTGTAAGTAACGAGTGGTTGATCGCCGCCGG 1360 

CGAGAGGCTCATGGTTGTTGTTTGTGTGAGGCCGACGGGGTCTGGCGAAGGTCTGTCCGAGTCTCTGCTGCTTTAACCAA 1440 

CTGCGAGAGAGAGGTATCGAGGGCTGCAGCAAGCGCAAGCAGAGC^ 1520 

AAGAG ATCGTGTTCGGATGGACGTC QGCCC 1600 

FIG. 4. BCESM chromosomal locus of B. cepacia C5424. (A) Features of 1,600 bp of the nucleotide sequence encompassing the marker. The RAPD primer binding 
sites, the BCESM primer binding sites, the Pstl cleavage sites, and the orientation of a putative ORF, esmR, are shown. (B) The corresponding 1,600-bp nucleotide 
sequence and amino acid translation of the putative ORF. Nucleotides matching RAPD primer 272 are indicated with a dotted line, and the sequences of the BCESM 
PCR primers are underlined. The amino acid translation of the putative EsmR protein is indicated by boldface type beneath the nucleotide sequence. The underlined 
region of EsmR corresponds to the putative helix-t urn-helix domain homologous with the helix- tum-helix domains of a number of negative transcriptional regulators (12). 



Australian treatment centers all lacked the cable pilus gene, 
but did possess DNA homologous to the BCESM (types 1, 4, 
6, 13, 17, and 40; Table 1). The absence of the cable pilus 
marker in all the other epidemic strain types examined in this 



study is in contrast to the results of Sun et al. (29), whose 
studies highlighted the spread of only one strain type among 
CF patients and promoted the fact that the cblA DNA is a 
useful marker for infectious strain types. Our data demonstrate 
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that all B. cepacia colonization among patients with CF is of 
major concern and that strain types other than those with the 
cblA + lineage should not be considered less of a problem just 
because the cable pilus-carrying strain has been designated 
"highly infectious" (10, 30). Although the cblA marker is as- 
sociated with the most prevalent B. cepacia CF strain type in 
the United Kingdom and North America (RAPD type 2; Ta- 
bles 1 and 2) (20), it was present in only 6 of the 132 RAPD- 
deflned strain types in the collection of 627 isolates examined 
(Table 2); of these 6 cblA + types, only 1 was an epidemic CF 
strain type (type 2), as defined by our collection. Interestingly, 
B. cepacia RAPD type 2 was the only strain type in the entire 
collection possessing both the cable pilin subunit gene and the 
BCESM DNA. Since the combination of IS/556 and \S402 is 
also associated with this infectious strain type (31), these data 
suggest virulence factors linked with this unique combination 
of genetic markers may contribute to the striking prevalence of 
this lineage within the CF patient population. 

DNA homologous to the BCESM probe was absent from 5 
of 417 isolates belonging to epidemic CF types, suggesting that 
the region may be subject to some instability. Multiple repli- 
cons are present in the genome of B. cepacia (7, 22), and 
therefore, it is possible that the BCESM region may be en- 
coded on a replicon which may be unstable in some transmis- 
sible CF isolates. There was no correlation with the BCESM 
marker and the presence of a plasmid when conventional al- 
kaline lysis (26) was used as a means of DNA preparation (data 
not shown); however, this procedure is inefficient for the pu- 
rification of plasmids greater than 50 kb in size (26). The 
genome of B. cepacia may also be quite plastic due to large 
numbers of ISs present (9), and specific ISs have recently been 
linked to the cblA epidemic strain type (31). No sequences 
homologous to IS elements present in databases were found on 
the sequence of the BCESM region; however, if IS elements 
flank the BCESM region that we have characterized, this may 
contribute to its instability in vitro in certain strain types. 

The majority of CF strain types lacked the BCESM, and 
hence, the DNA cannot be considered a universal marker for 
the ability of B. cepacia to colonize and cause infection in 
patients with CF. However, the specific association of the 
BCESM DNA with strain types which infect multiple CF pa- 
tients suggests that it can be used to identify strain types which 
have a high capacity to spread among CF patients and become 
epidemic at a given treatment center. For example, type 6 B. 
cepacia, a BCESM-positive strain, colonized only one CF pa- 
tient at the treatment center in Vancouver for 6 years (20). In 
the seventh year of study, this strain type spread to two other 
pediatric CF patients and subsequently to more patients to 
infect a total of five CF patients attending the treatment center 
(20). Because of this specific association with strain transmis- 
sion and not colonization per se, the BCESM DNA may mark 
a region of the B. cepacia genome which encodes virulence 
factors or regulators which play a role in strain transmissibility. 
The role of the putative EsmR protein encoded on the 1.4-kb 
BCESM DNA remains to be determined. Significant homology 
to the GntR family of bacterial regulatory proteins and pos- 
session of a DNA-binding helix-turn-helix motif (12) suggest 
that it may play a regulatory role in B. cepacia; however, the 
ORF's authenticity and regulatory targets remain to be deter- 
mined. 

Phenotypic examination of B. cepacia strains recovered from 
the natural environment has indicated that they are markedly 
different from epidemic strains associated with pulmonary in- 
fection in CF patients (5), and multilocus enzyme electro- 
phoresis has also shown that environmental isolates produce 
electrophoretic profiles that are in general distinct from those 



of CF isolates (16). The low prevalence of the BCESM DNA 
among B. cepacia strains recovered from the natural environ- 
ment (2 of 36 types examined; Table 2) suggests that in general 
these strain types are also genetically distinct from the strains 
which infect multiple CF patients. Identification of the 
BCESM DNA region, which is the first genetic marker con- 
served among several epidemic types of B. cepacia, suggests 
that phenotypic factors which are associated with this DNA but 
which are absent from isolates present in the natural environ- 
ment may be important for the spread of this organism among 
patients with CF. 

The B. cepacia BCESM DNA did not hybridize to DNA 
from a wide variety of other microorganisms present in spu- 
tum, and the clear distinction between positive and negative B. 
cepacia strains suggests that DNA probes based on this region 
may be useful clinically for the identification of potentially 
problematic strain types. The prevalence of the B. cepacia 
BCESM marker will need to be evaluated in other CF treat- 
ment centers where transmissible isolates are thought to be 
present. However, on the basis of the results presented in this 
report, the BCESM probe is the first genetic link identified 
between several epidemic strain types, and it may serve as a 
putative marker for the presence of strains of B. cepacia with 
the potential for spread among patients with CF. 
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Burkholderia cepacia: medical, taxonomic and 
ecological issues 
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The increasing challenge posed by multiresistant saprophytes in medical microbiology is 
strikingly demonstrated by the emergence of Burkholderia (formerly Pseudomonas) 
cepacia as an opportunist pathogen in immunocompromised patients, particularly 
individuals with chronic granulomatous disease and cystic fibrosis (CF). Best known 
previously as a phytopathogen and the cause of soft rot of onions, B. cepacia presents 
three major problems for the CF community: innate multircsistance to antimicrobial 
agents; person-to-pcrson transmission of epidemic strains through nosocomial or social 
contacts; and 'cepacia syndrome', a fulminating fatal pneumonia, sometimes associated 
with septicaemia, that occurs in approximately 20% of colonised patients, including 
those with previously mild disease. Accumulated evidence to dispel earlier suggestions 
that the organism is avirulent and merely a marker of existing lung disease includes: 
case-controlled studies in CF patients; reports of serious infections in non-CF patients; 
in-vitro and in-vivo evidence that B. cepacia induces production of pro-inflammatory 
markers, including the major cytokine TNFa; and histopathological evidence that 
exposure of transgenic CF mice to B. cepacia results in pneumonia. By the early 1990s, 
the use of selective culture media and DNA-based bacterial fingerprinting confirmed 
suspicions of epidemic person-to-person spread of B. cepacia. This evidence provided 
scientific justification for draconian and controversial measures for infection control, in 
particular, segregation of B. vepacia-eolonhed patients during treatment at CF centres 
and their exclusion from social gatherings and national conferences. Recently, molecular 
analyses of" type strains and clinical isolates have revealed that isolates identified 
previously as B. cepacia belong to at least three distinct species and have increased 
concern regarding the reliability of current laboratory detection and identification 
systems. Clarification of the taxonomy of B. cepacia-Uke organisms and the pathogenic 
potential of environmental isolates remains a high priority, particularly when the 
organism's antifungal and degradative properties have created interest in its potential 
use as a biological control agent to improve crop yields and its use for the 
bioremediation of contaminated soils. 




Introduction 

The development of multircsistance in major 
microbial pathogens is well-recognised; in con- 
H'ust, little attention has been paid to the 
pathogenic potential of naturally resistant envir- 
onmental saprophytes \ 

Known originally as a phytopathogen, Burkholderia 
wpacia (previously Pseudomonas cepacia, P multi- 
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varans, R kingii, 'Rugonic oxidiser V) exhibits 
impressive nutritional versatility. Some microbes have 
an inherent or acquired ability to degrade antibiotics, 
but few have the ability to use penicillin as a sole 
carbon source [1] or to reduce onions to a macerated 
pulp! The earlier name, P. nwltivonans. reflected the 
organism's omnivorous appetite, but it was not until 
1950 that its pathogenic potential was recognised 
when Burkholder identified the organism as the cause 
of soft rot of onions — particularly 'compromised' 
onions damaged during harvesting — and provided an 
appropriate species epithet (Latin: cepia = onion) [2]. 
In the early 1990s, following taxonomic re-appraisal, 
the RNA group IF pscudomonads were recognised as 
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the new genus Burkholderta. with B. cepacia as the 
type species [3]. At present, the genus Burkhoideria 
comprises B. cepacia, B. gladioli, B. mallei, B. 
pseudomailei, B. caryophyllh and recently added to 
the group, B. plant urii, B glwnae, B. vandii [4], B. 
cocovetwnam [5] and B. vietnami crisis [6]. 

The general characteristics of B cepacia include the 
following; gram- negative, non-spore-forming, aerobic 
bacillus; motile with a respiratory metabolism and 
lypically catalase- and oxidase-positive; various non- 
fluorescent pigments may be produced and poly-/^- 
hydroxyalkanoates can be accumulated as reserve 
materials; the optimal temperature for growth is 30- 
35°C [7]. Recently, elegant molecular analyses have 
provided scientific evidence that may account for the 
organism's impressive versatility, including multilocus 
linkage disequilibrium analysis of environmental 
populations [8]— which suggested an extraordinarily 
high rate of recombination in B. cepacia relative to 
binary fission— and demonstration of multiple rcpli- 
cons and insertion sequences in type strains [9, 10]. 

The natural habitats of B. cepacia have been described 
as soil, water and vegetation [11]. However, it is a 
common but erroneous belief that B. cepacia is a 
ubiquitous saprophyte sharing similar environmental 
habitats with Pseudomonas aeruginosa and other 
pseudomonads. Extensive surveillance studies have 
shown that culture of B. cepacia from natural sources, 
including soil, water and plants, or from hospitals, 
foodstores, restaurant salad bars and patients 1 homes is 
surprisingly difficult, with detection rates of only 1- 
16% [12-16]. 

In agricultural microbiology, ecological awareness and 
an increasing incidence of pesticide-resistant patho- 
gens have led to interest in B. cepacia as a potential 
agent for biological control and soil decontamination. 
B. cepacia produces several antimicrobial agents, 
including pyrrolnitrins, altericidins, cepalycins and 
bacteriocin-like agents [17 -20], that inhibit bacterial 
and fungal phytopathogens and suppress tobacco wilt 
and other plant diseases [21]. B. cepacia is also 
capable of degrading industrial waste and herbicides, 
including 2,4,5-trtchlorophenoxyacetic acid (2,4,5-T), 



the principal ingredient of the highly potent 'agent 
orange' [22]. Indeed, B. cepacia has been shown to 
degrade 2,4,5-T in heavily contaminated soils at a rate 
up to 20000-fold greater than other known degrada- 
tive bacteria [23]. 

In contrast to its potential agricultural benefits, B, 
cepacia has also emerged as a multircsistant oppor- 
tunist human pathogen, leading to concern about the 
relationship between environmental and clinical iso- 
lates [14,24-26] and the potential hazards of releas- 
ing B. cepacia as a biological control agent [14,24]. 
This review will provide an update on microbes 
currently described as B. cepacia, with particular 
focus on clinical, taxonomic and ecological issues 
(Table 1) associated with pulmonary infection in 
patients with cystic fibrosis (CF). 

The emergence of B. cepacia as a human 
pathogen 

Before the early 1980s, reports of human infections 
caused by B. cepacia were sporadic and generally 
restricted to hospitalised patients exposed to contami- 
nated disinfectant and anaesthetic solutions in which 
this nutritionally adaptable saprophyte survives for long 
periods. Infections included those of soft tissues and 
the respiratory and urinary tracts, but bacteremia also 
occurred, sometimes associated with endocarditis and 
septic shock [27- 31]. A rising incidence of B. cepacia 
infection was noted during the early 1980s and, 
although in some cases culture of B. cepacia was 
thought to reflect mere colonisation or contamination 
rather than infection [11,32], extensive analyses of 
USA databases of nosocomial infections confirmed a 
significant increase in clinically significant B. cepacia 
infections [33,34]. The apparent propensity of B. 
cepacia to cause fatal pulmonary infections, as 
suggested by these analyses, is emphasised in patients 
.with chronic granulomatous disease (CGD) — in whom 
B. cepacia pneumonia and septicaemia arc life- 
threatening [35, 36]— and in its emergence as a major 
pathogen in patients with CF [37-39]. By the 1990s, 
disturbing reports also emerged of fatal cases of B. 
cepacia pneumonia and septicaemia in previously 



Table 1. Major issues associated with B. cepacia and cystic fibrosis (CF) 



design of an effective B. cepacia vaccine. , . 
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healthy individuals [40,41]. Community-acquired B. 
cepacia infections are uncommon, but the organism's 
pathogenic potential and the financial implications of 
antimicrobial therapy were recently strikingly demon- 
strated when an offshore oil worker developed multiple 
brain abscesses secondary to suppurative otitis media. 
Therapy involved four neurosurgical operations, an 
extensive period of hospitalisation and an antibiotic bill 
of £ I OK [42]. 

The above case also demonstrated an interesting and 
unexplained variability in antibiotic susceptibility 
profiles that has been observed in serial B, cepacia 
isolates from single patients and during epidemic 
outbreaks [43-46]. The mechanism responsible for 
variable susceptibility is unclear, but may be asso- 
ciated with the observation that migration of insertion 
sequences within the B. cepacia genome can affect the 
expression of genes that modulate antibiotic resistance 
[47]. 

B. cepacia and cystic fibrosis 

During the last decade, the major clinical interest in /?. 
cepacia has focused on its addition to the relatively 
narrow spectrum of microbial pathogens responsible for 
debilitating and ultimately fatal pulmonary infections 
in patients with CF [26,39,48,49]. In the late 1980s, 
surveillance studies in the UK indicated a maximum 
prevalence of 7% [39, 50-52]; however, in some CF 
centres this later increased to approach the prevalence 
of 40% described in contemporary North American 
studies [53]. The three major issues concerning B. 
cepacia can be summarised as follows: I, the clinical 
risk of rapid and fatal pulmonary decline, even in 
patients with previously mild disease; 2, patient- to- 
patient spread of epidemic strains within and between 
regional CF centres and between centres in the UK and 
North America; and 3, the innate multiresistancc of 
most B. cepacia isolates to available antibiotics — 
which deprives patients of effective antimicrobial 
therapy [46, 54] — combined with the failure to reduce 
the bacterial population in sputum and a relatively poor 
clinical response even when the colonising strain 
exhibits in-vitro susceptibility. 

The clinical significance of B. cepacia in CF patients 
was first described in 1984 in a seminal report by 
Isles el al. [37]. In addition to noting the increased 
prevalence of B. cepacia colonisation in patients 
attending Toronto clinics, Isles et al. described a 
rapid and unexpected clinical decline, including 
necrotising pneumonia and bacteracmia, that occurred 
in c. 20% of colonised patients. This acute clinical 
decline is sometimes referred to as 'cepacia syn- 
drome* [37]. It is important to note that acute clinical 
deterioration and bacterial spread to sites other than 
the lung is not observed with the other major CF 
pathogens, Staphylococcus aureus, Haemophilus influ- 
enzae and R aeruginosa. 



The second major issue relating to B. cepacia arose in 
the mid 1980s as an increasing — but scientifically 
un proven — conviction held by some CF carers that the 
clustering of cases in some large North American 
clinics had arisen from cross-infection. At that time, 
an alternative explanation for clustering was the 
difficulty in culturing this relatively new pathogen 
from CF sputa [48]. As evidence, in a controlled study 
involving 115 North American CF centres, only 36 
(31%) cultured the organism successfully from a 
seeded sputum specimen [55]. However, by the early 
1990s, the availability of selective culture media [48] 
and awareness of the organism's cultural idiosyncrasies 
[56] indicated that regional variation in the prevalence 
of B. cepacia colonisation could not be explained 
simply by laboratory methodology. Furthermore, the 
development and use of bacterial fingerprinting 
techniques — including multiloops enzyme electrophor- 
esis (MLEE), pyrolysis mass spectroscopy, PCR- 
ribotyping and pulsed-ficld gel electrophoresis 
(PFGE) — provided compelling evidence for pcrson- 
to-pcrson spread of B. cepacia through nosocomial 
and social contacts (Table 2) [25, 37, 46, 57 -75] and, 
occasionally, in the absence of proven sputum 
colonisation [67]. Epidemiological data also provided 
scientific justification for the introduction of guidelines 
by national CF organisations to improve personal and 
hospital hygiene and, more controversially, for the 
implementation of segregation policies to limit contact 
between colonised and non-colonised individuals [76]. 
Surveillance studies show that segregation undoubtedly 
reduces the incidence of B. cepacia cross-infection 
[38, 62, 71, 77], but the strategy has not eliminated 
acquisition. Furthermore, the logistic and social 
consequences of draconian infection control measures 
reminiscent of mediaeval approaches to leprosy have 
not been accepted universally. In particular, the need 
for such measures has been questioned fiercely by 
patients and care-givers in CF centres where intensive 
surveillance has not revealed a high incidence or 
prevalence of B. cepacia colonisation. 

A pathogen or a marker of lung disease? 

In the 1970s, some microbiologists and clinicians 
considered S. aureus to be the only true microbial 
pathogen in CF patients and viewed P. aeruginosa as 
merely a marker of disease. A similar doubt has 
accompanied the emergence of B. cepacia and has 
exacerbated the controversy surrounding segregation of 
colonised individuals. In discussions of any potential 
opportunist pathogen, it is easy to find evidence of 
asymptomatic carriage; even Salmonella typhi and 
Vibrio cholerae do not invariably exhibit pathogenicity! 

Clarification of the clinical relevance of B, cepacia is 
also thwarted by the fact that the available scientific 
evidence requires particularly careful analysis. There 
is an inclination to link bacterial transmissibility and 
virulence, and to categorise individual B. cepacia 
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Table 2. Evidence for and against person-to-person transmission of B. cepacia 



Reference 



Comments 



A. Evidence in favour of person- 
Isles et al [37] 
Thomasscn et al [57] 
LiPuma et al. [58] 
Li Puma et a!. [59} 
Anderson et al. [60] 
Millar-Jones et aL [61] 
Govan et aL [62] 

Smith et al [63] 
Bingcn et al. [64] 
Corkill et al. [65] 
Pegues et at. [66J 
Johnson et al. [25] 
Li Puma et al. [67] 
Ryley et al. [68] 
Sun et al. [69] 
Revets et al. [70] 
Whitcfonl et al. [71] 
Pitt ct al. [46] 



to-person transmission 

Seminal paper: noted rising incidence of B. cepacia and cepacia syndrome in Canadian clinics 

Fall in incidence after segregation 

Prevalence of one ribotypc in individual clinics 

Riboiyping demonstrates person-to-pcrson spread between two patients at a CF camp 
Nosocomial outbreak 
UK nosocomial outbreak 

Gcnotypic fingerprinting and extensive epidemiological data provides compelling evidence of 

person-to-pcrson spread through social contact in and between two UK CF centres 
Further UK outbrcuk with transmission in clinical and social settings 
International consensus confirming B. cepacia transmissibility 
Highlights transmission particularly at UK CF events 
Demonstration of transmission at USA CF camps 
Intercontincnial spread of Edinburgh/Toronto strain ETI2 
Inapparent transmission from culture-negative patient (?) 
Further UK outbreak 

Cable pili demonstrated on intercom inental strain (ET12) 
Prevalent strain in Belgian clinic 
Outbreak in UK paediatric clinic 

Strain ETI2 prevalent in UK clinics: accounting for 38% of cases 



B. Cases with no evidence of person -to-person transmission 

Glass and Govan [72] No transmission of pathogenic strain beiwcen siblings 

I lardy et al. [73] No transmission to uncolonised patients during hospitalisation 

Taylor et al. [74] No transmission in UK unit before segregation 

Steinbach et al. [75] No transmission in large CF unit despite no segregation of hospitalised patients 



strains as either transmissible and virulent, or non- 
transmissible and avirulcnt. There is no scientific 
justification for this view. In epidemic outbreaks in 
which patients are colonised by the same strain, some 
patients may remain asymptomatic whilst other 
individuals succumb to rapid and unexpected fatal 
deterioration [37,62]. In the case of transmission, 
epidemiological evidence has clearly identified 
lineages with enhanced transmissibility [25, 46, 62, 
69]; however, based on present knowledge, it cannot 
be stated with confidence that a strain inherently lacks 
the ability for epidemic spread. Furthermore, appar- 
ently 'non-transmissible 1 strains that have not spread 
even to a patient's CF sibling have been responsible 
for fatal infection [72]. Finally, it could be argued that 
transmission is not strain-dependent, but is associated 
with nosocomial or social opportunities for transmis- 
sion. This hypothesis is certainly not supported by the 
behaviour of the particular B. cepacia lineage with a 
notorious ability to spread in CF centres in the UK 
[46, 62] and North America [25, 69], referred to as the 
Edinburgh/Toronto lineage [69] or ET12 interconti- 
nental clone (multilocus enzyme electrophoresis type 
12) [25], For convenience, this particular B. cepacia 
lineage will be referred to as the ET12 lineage in the 
remainder of this review. 

Some CF carers who have experienced transmission of 
B. cepacia amongst small numbers of their patients 
have argued against segregation on the grounds that 
no significant clinical deterioration was observed and 
that implementation of such draconian measures 
stigmatises patients and prevents valuable social 
contacts with other CF patients [70]. However, the 
hypothesis that B. cepacia is transmissible but merely 
a marker of pulmonary deterioration can be chal- 



lenged. A recent retrospective study of the clinical 
status of B. cepacia-coXcm&td adults in the 24-month 
period before colonisation found no difference in their 
lung function, number of days in hospital or outpatient 
visits [77]. Furthermore, in numerous case-controlled 
studies involving large numbers of patients, B. cepacia 
colonisation has been associated in some but not all 
patients with an accelerated decline in pulmonary 
function and a poor prognosis [71,77-81]. Most 
studies have reported that the risk of clinical 
deterioration on acquisition of B. cepacia is increased 
in adult patients with severe disease [78-80]. This 
contrasts with an epidemic outbreak of B. cepacia 
among children, in whom the dominant impact on 
respiratory function was greater in patients with better 
levels of respiratory function [71]. Explanations for 
the range of clinical responses associated with B. 
cepacia colonisation and inability to predict the 
clinical outcome in individual patients could include: 
I, differences in strain virulence; 2, the relatively low 
20% * strike rate' of cepacia syndrome; 3, the influ- 
ence of co-colonisation by other pathogens; 4, the age 
at which colonisation occurs; 5, individual host 
immune responses; and 6, the severity of underlying 
CF disease. 

The hypothesis that B. cepacia colonisation is merely 
a marker of severe lung disease is also undermined by 
the fact that fatalities have occurred in CF adults with 
mild CF disease, including individuals not already 
harbouring P. aeruginosa [62]. Finally, one of the most 
striking results from the first microbiological studies 
in transgenic CF mice showed that 70% of CF mice 
exposed to B. cepacia succumbed to more severe 
broncho-pulmonary infection than control animals 
[82]. 
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The Edinburgh/Toronto/ETl2 epidemic lineage 

In reviewing the emergence of B. cepacia in CF 
populations in Europe and North America, it is 
necessary to emphasise the influence of epidemic 
lineages on the incidence and prevalence of B. cepacia 
within CF centres. Evidence shows that the incidence 
in a centre can be influenced greatly by the epidemic 
spread of a single lineage, and that if such spread is 
discounted then the prevalence of B. cepacia in most 
CF centres remains relatively low at 5-10%. Transient 
colonisation by B. cepacia also influences prevalence 
and occurs in c\ 5% of CF patients; however, transient 
colonisation is observed very rarely with the ET12 
lineage (authors' unpublished observations), perhaps 
reflecting the high colonisation potential of this clone. 
From a clinical, epidemiological and evolutionary 
viewpoint, the influence of this single clone on the 
CF community is considerable. In the UK. alone, it has 
been isolated in eight (50%) of 16 CF centres and from 
68 (38%) of 178 B. cepacia-ca Ionised patients [46]. 
Attempts to identify its origins have been frustrated by 
a lack of stored isolates; however, investigation of 
available isolates allows several conclusions to be 
reached. Based on evidence from MLEE and ribotyp- 
ing [25] and PFGE [46,62], the first known isolates of 
this epidemic lineage were cultured from Ontario 
paediatric patienls in the latter half of the 1980s [25]. 
In the UK, the first recorded isolate of the same lineage 
was in August 1989 [62] from a patient who had never 
been out of the UK nor shown any evidence of B. 
cepacia colonisation during previous bacteriological 
investigations. The patient had previous contacts with 
other UK patients colonised by B. cepacia, but the 
isolates from these patients were not available. 

From the available evidence, it appears that the 
Edinburgh/Toronto/ET12 lineage was established in 
Canada before its appearance in the UK, and that at 
some stage in the late 1980s, intercontinental spread 
occurred between UK and Canadian patients whilst 
attending summer camps in Ontario, followed by inter- 
regional spread in the UK during social contacts at 
meetings [25, 62]. It is tempting to conclude that this 
highly transmissible strain is clonally related to the 
isolates cultured during the first documented outbreak 
of B. cepacia in CF patients in Ontario, reported in 
1984 [37]. 



Potential pathogenic mechanisms of B. cepacia 

Although B. cepacia produces several putative viru- 
lence determinants— including haemolysins, proteases, 
1'pases, siderophores and catalase — a major clinical 
role for these factors has not been demonstrated 
convincingly in CF [83,84], However, catalase is 
associated with the organism's ability to resist killing 
°y professional phagocytes and to produce serious 
infection in patients with CGD [85]. 



Intracellular survival 

Several puzzling clinical and scientific observations 
have led to speculation that 8. cepacia can survive and 
grow within pulmonary phagocytes or respiratory 
epithelial cells. First, clinical resistance to antimicro- 
bial therapy despite demonstration of an isolated 
susceptibility in vitro; second, isolation of serum- 
sensitive isolates in bacteracmic infection [86]; third, 
chronic pulmonary colonisation despite a pronounced 
antibody response [87]; and fourth, the close taxonomic 
relationship between 5. cepacia and the intracellular 
pathogen, B. pseucioma/lei. However, to date, the 
scientific evidence for intracellular survival or growth 
of B. cepacia is not convincing. Studies of intracellu- 
larity in bacterial pathogens can be difficult and, in the 
case of B. cepacia, are complicated further by the 
organism's innate resistance to antibiotics, including 
aminoglycosides, which are used commonly in intra- 
cellular assays to kill extracellular organisms. As it is 
known that B. psettdomallei survives and multiplies 
within professional phagocytes [88], studies within our 
group have focused on monocytes, with Listeria 
monocytogenes and P. aeruginosa as positive and 
negative controls, respectively. However, it was not 
possible to demonstrate cither enhanced uptake or 
survival of B. cepacia in monocytes. Previously, Burns 
[89] reported the observation of B. cepacia within CF 
post-mortem respiratory epithelial cells by electron 
microscopy, but no further data have been published to 
validate this important finding. Low-level invasion in 
vitro of a respiratory epithelial cell line by the 
epidemic ET12 lineage has been demonstrated [90], 
but the significance of limited epithelial invasion by 
bacteria remains unclear [91]. A recent and potentially 
seminal publication has even suggested that enhanced 
uptake of CF pathogens by epithelial cells expressing 
surface cystic fibrosis transmembrane conductance 
regulator (CFTR), followed by epithelial desquamation, 
may be an important host defence mechanism rather 
than a bacterial virulence determinant [92 1. 

Overall, the role of intracellularity in the pathogenesis 
of B. cepacia infection in CF patients is still in doubt. 
As a caveat, the demonstration of its intracellular 
survival and growth within amoebae . raises the 
possibility that these free-living protozoa may act as 
an environmental reservoir from which CF patients 
could acquire the organism [93]. 

B. cepacia and host immune responses 

Colonisation with B. cepacia is associated with a 
pronounced and specific humoral response, including 
raised serum IgG and IgA and sputum IgA titres 
against B. cepacia lipopolysaccharide (LPS) and outer- 
membrane protein (OMP) components [87,94]. Anti-fl. 
cepacia antibodies have also been detected in non- 
colonised CF patients, and particularly in patients 
colonised with P. aeruginosa [87, 95]. Studies with pre- 
absorbed sera have failed to demonstrate an appreciable 
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degree of cross-reactivity between the two species, 
either for OMP or LPS components [87, 96], suggesting 
that the response to P aeruginosa is not the source of 
pre-colonisation anti-£. cepacia antibody. Generally, 
levels of anti-Z?. cepacia immunoglobulin in non- 
colonised patients are low, but the demonstration of 
substantially raised titres in a subset of patients may 
reflect previous exposure to R. cepacia where an 
appropriate antibody response has prevented the 
occurrence of colonisation. On the other hand, the 
demonstration of antibody in stored pre-colonisation 
sera from patients who subsequently became colonised, 
indicates that antibody does not always play a 
preventative role. Similarly, the role of antibody in 
patients once they are colonised is unclear; for 
example, clinical outcome is independent of the 
magnitude of anti-tf. cepacia responses [87]. A recent 
sludy [97] with immunoblotting techniques has sug- 
gested that IgG antibodies against a 30-kDa OMP, 
identified presumptively as the major immunodominant 
porin, OMP D [95,98], are associated with a better 
prognosis in colonised patients. If these results are 
confirmed, it raises the possibility of using this OMP as 
a target for immunotherapy. 

The association of B. cepacia with CCD, an inherited 
defect in neutrophil oxidative killing pathways, and 
the role of neutrophils as the predominant immune 
effector cell in the CF lung [99], have led to 
speculation that the interaction between B. cepacia 
and neutrophils may be important in the evasion of 
host defences by this organism. Speert et al. [85] 
demonstrated that, unlike P aeruginosa, B. cepacia is 
resistant to non-oxidative neutrophil killing mechan- 
isms; hence the role of B. cepacia in CCD. Evasion of 
the normal neutrophil oxidative burst would aid the 
survival of B. cepacia in the presence of a pronounced 
immune response. Within the CF lung, normal 
opsonisation processes are compromised severely 
through the disruption of immune effector molecules 
by bacterial and host proteases [100, 101]. In parti- 
cular, cleavage of complement receptors and immuno- 
globulin molecules within the respiratory tract may 
neutralise the humoral immune response to B. cepacia 
and enable the organism to persist in the lungs of 
colonised patients. However, this observation does not 
explain the ability of rough, LPS-dcficient, serum- 
sensitive B. cepacia to cause invasive pneumonitis and 
septicaemia in patients with elevated anti-Z?. cepacia 
immunoglobulin titres [86]. 

Inflammatory damage 

Increasing evidence has emerged to suggest that host 
immune responses are important in the pathogenesis of 
B. cepacia infection. A UK multicentre study has 
shown that levels of the inflammatory markers, C- 
reactive protein and neutrophil elastase al-antiprotein- 
ase complex, arc significantly higher during B. 
cepacia -associated exacerbations than in exacerbations 



caused by P aeruginosa alone. Aggressive antibiotic 
treatment with the most active agents available did not 
eliminate B. cepacia, but in most cases was associated 
with a decline in inflammatory markers to pre- 
exacerbation levels [102]. In addition, anecdotal 
evidence indicates that patients who exhibit rapid 
pulmonary decline and pronounced inflammatory 
symptoms, but who do not respond to antibiotic 
therapy, nevertheless respond to treatment with com- 
mercial preparations of immunoglobulin. The relative 
absence of B. cepacia antibodies in healthy human 
donors [87], from whom these immunoglobulins arc 
obtained, suggests that such preparations contain 
potentially useful anti-inflammatory activity. 

An unexpected but informative result from our own 
studies has demonstrated that LPS from clinical and 
environmental isolates of B. cepacia induces pro- 
inflammatory cytokines, including the major cytokine 
tumour necrosis factor a (TNFct), to a level 10-fold 
that induced by P. aeruginosa LPS and matching the 
inflammatory power of Escherichia coli endotoxin 
[103, 104]. The mechanism involved in B. cepacia 
cytokine stimulation is unclear, but is independent of 
CD 1 4 receptors. Of interest, induction of TNFa by B. 
cepacia LPS is reduced in the presence of P 
aeruginosa LPS, suggesting that the diversity of 
clinical outcomes in patients colonised with B. 
cepacia may be influenced in part by the presence 
or absence of P aeruginosa and other CF pathogens 
[105]. 

What is a true B. cepacia? 

Further research to establish a gold standard for 
laboratory identification of B. cepacia has assumed 
high priority. Reliable identification is important not 
only in attempts to clarify the organism's pathogenic 
potential, but also because of the clinical, social, 
psychological and potentially litigious consequences for 
patients, carers and diagnostic laboratories associated 
with the organism's acquisition and transmission. 
Selective media and laboratory protocols for culture 
and presumptive identification of B. cepacia from 
clinical or environmental sources have been described 
and their value in microbiological surveillance estab- 
lished [14, 48, 56, 106]. However, existing selective 
media also support the growth of other gram-negative 
non-fermenting bacilli [46,48,56] and unequivocal 
identification of B. cepacia by multitest commercial 
systems can present difficulties [44, 56, 106, 107]. 

There is increasing evidence that organisms presently 
identified as B. cepacia by standard laboratory 
procedures exhibit such diverse genotypic and pheno- 
typic properties that attempts to generalise on 
virulence, transmission and antibiotic susceptibility 
are ill-founded. Simpson el at. [44] speculated that 
epidemic strains may represent a B. cepacia sub- 



population, arising as bacterial hybrids or through 
horizontal transfer of virulence genes from the closely 
related pseudomonads B. gladioli and the highly 
dangerous intracellular pathogen B. pseudomallei. 
Recently, isolates identified as B. cepacia were 
characterised further by analysis of cellular proteins 
and fatty acid components and clustered by means of 
computer-assisted numerical comparison of the pro- 
files. Representative isolates from individual clusters 
were selected to determine genotypic relatedness 
within and between clusters by means of DNA- 
DNA and DNA-rRNA hybridisation assays. These 
molecular phylogcnetic studies revealed that organisms 
identified by conventional tests as B. cepacia com- 
prised several new Burkholderia spp. [108]. 

According to laxonomic conventions, new species 
names should not be given to bacteria that cannot be 
identified reliably by phenotypic characteristics; 
instead, such groups can be described by the terms 
genomovar I, II, etc. [109]. Following this convention, 
isolates identified as B. cepacia by conventional 
multitest systems such as the API 20NE system 
(API-bioMcricux, MarcyPEtoile, France) constitute at 
least four different genomovars of B. cepacia; other 
presumed B. cepacia strains are identified as the 
nitrogen-fixing organism B. vietnamlensis. Preliminary 
studies on a small number of isolates have indicated 
that the majority of CF isolates from Belgium and 
the UK tend to cluster in genomovar IN [70, 108]. 
Subsequent ongoing analyses of a larger collection of 
environmental, phytopathogenic and clinical isolates 
in our laboratories have confirmed the potential 
importance of genomovar identification. For example, 
the isolate responsible for the first UK report of 
cepacia syndrome [72], and three individual epidemic 
clones including the highly transmissible ET12 line- 
age [25, 44, 62, 69] each belong to genomovar III. It 
should be stressed that B. vietnumiensis and the 
remaining B. cepacia genomovars were also identified 
amongst isolates from CF patients, and that genomo- 
var III status is not synonymous with high trans- 
missibility [72]. Of the 150 4 £. cepacia' isolates 
studied to date, most environmental isolates (includ- 
ing the phytopathogenic type strain ATCC 25416) 
belong to genomovar I; in contrast, isolates associated 
with acute clinical decline in CF patients are 
restricted to genomovar III. These results confirm 
the complex taxonomic heterogeneity within the 
genus Burkholderia and have important diagnostic 
implications for infection control in the CF 
community. 

Unique bacterial clones and B. cepacia 
transmission factors 

Epidemiological data and genomic fingerprinting sug- 
gest that the variable incidence of B. cepacia- -in 
particular, the lack of cross-infection in some centres 
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[75,81], and the contrasting epidemic spread in 
others— reflects the behaviour of a relatively small 
number of highly transmissible clones [46, 69, 1 10- 
112]. 

It seems reasonable to speculate that B. cepacia 
strains responsible for epidemic spread may harbour a 
common colonising factor whose identification could 
be exploited for diagnostic and therapeutic purposes. 
At present, the most significant of these factors is 
adhesion to respiratory mucin [53,113-115], asso- 
ciated with giant intertwined fibres referred to as cable 
pili [53, 1 14], The gene responsible for cable pili, chl % 
has been detected in the highly transmissible ET12 
lineage, represented by the Edinburgh isolate CF5610 
(J2315) [16, 25, 62, 69, 115], and responsible for B. 
cepacia colonisation in 38% of UK patients [46]. In a 
slightly different form, cht has also been associated 
with epidemic transfer of B. cepacia from CF to non- 
CF patients in a Mississippi outbreak [16,69,115], 
However, studies with a cbl DNA probe indicated that 
cbl is not present in all epidemic clones, suggesting 
that other bacterial and host factors need to be 
identified [69]. Interestingly, a recent study [116] has 
described enhanced binding of the ET12 lineage to 
lipid receptors, particularly the galactolipid globotrio- 
sylceramide (GB3), and led to speculation that 
uprcgulation of GB ? , mediated through the infection 
process and TNF stimulation within the lung, may 
provide an alternative receptor for isolates in which 
cable pili arc poorly expressed and a second receptor 
system for the epithelial attachment of bacteria that 
have migrated through the mucosal blanket. 

Experimental proof of direct or indirect transmission 
of epidemic B. cepacia is not feasible and can be 
judged only by circumstantial evidence. However, 
epidemiological data has strikingly demonstrated such 
potential. Colonisation with more than one strain of B. 
cepacia is unusual and has been reported in <10% of 
patients [46]. During the Edinburgh outbreak, PFGE 
fingerprinting showed that one patient harboured two 
B. cepacia strains in his respiratory secretions, 
including the ET12 clone; however, only the epidemic 
strain was transmitted subsequently to his girlfriend 
[62]. 

Modes of transmission and the risks of 
acquisition 

The potential risks of B. cepacia transmission, either 
directly by person-to-person spread or indirectly from 
contaminated fomites, continue to be a major concern 
to the CF community. Table 2 summarises the 
extensive documented evidence for direct transmission 
of B. cepacia between CF patients during close 
contacts within hospitals [61,63,65], at educational 
or summer camps [59,66] and through other social 
contacts [62,63]; in contrast, several reliable studies 
have found no evidence of cross-infection [72-75]. In 
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their initial report, LiPuma et aL [59] cited previous 
failures to culture B. cepacia from respiratory equip- 
ment and environmental surfaces as circumstantial 
evidence that direct person-to-person spread might be 
the primary means of transmission. However, a 
subsequent prospective study (117] with selective 
culture and DNA-bascd typing of isolates showed that 
colonised patients can contaminate their environment; 
thus indirect transmission might occur via contami- 
nated surfaces. The intrinsic resistance of B. cepacia to 
many antibiotics also raised justifiable concern that the 
use of contaminated home-use nebulisers might present 
a special hazard for B. cepacia acquisition. Currently, 
evidence for nebuliser-associated transmission is scanty 
and equivocal. A case-controlled retrospective study of 
five CF patients undergoing treatment in a CF centre 
[118] showed a significant association between out- 
patient nebuliser use and B. cepacia colonisation. B. 
cepacia was also cultured from nebulisers used by 
colonised patients. Unfortunately, no bacterial typing 
was performed to confirm the clonal relationships of 
the human and nebuliser isolates. Recently, in a 
prospective study [1 19], B. cepacia was cultured from 
three of 35 home-use nebulisers. DNA macrorestriction 
analysis by PFGE revealed that one of two strains of B. 
cepacia recovered from the nebuliser of one patient 
was also present in the patient's sputum. However, 
sputum cultures from the two other patients whose 
nebulisers harboured B. cepacia did not yield the 
organism, suggesting an environmental origin for the 
B. cepacia strain isolated from the nebuliser. Other 
studies of nosocomial acquisition of B, cepacia in non- 
CF patients have suggested that respiratory infection 
probably occurred by indirect transmission following 
use of contaminated nebuliser devices [31, 120]. Air- 
borne dissemination may also present a small risk of B. 
cepacia acquisition. In a prospective study, B. cepacia 
was recovered from the room air during occupation by 
five of six patients, but to only a limited extent, with 
the number of bacteria ranging from I to 158cfu/m 3 
[121]. Maximum yields were associated with episodes 
of coughing and, after a patient left the room, the 
organism persisted in room air for up to 45 min. 

To conclude, ethical considerations prevent experi- 



ments that could provide scientific data to assess the 
risks of B. cepacia acquisition, including clarification 
of the frequency of contact and the infectious dose 
required. Based on accumulated evidence (Tables 2 
and 3), skin contact, respiratory aerosols, sharing food, 
contaminated equipment, co-habitation or undergoing 
physiotherapy in the same room as a B. cepacia- 
positive individual present reasonable risks of acquisi- 
tion. However, epidemiological evidence [38, 62], 
including the high numbers (typically >l0 8 cfu/ml) 
of B. cepacia present in the saliva of colonised 
patients, suggests that the close and frequent social 
contact that occurs between siblings, the direct 
exchange of respiratory secretions associated with 
kissing, and the involvement of a highly transmissible 
B. cepacia lineage arguably present the greatest risks 
of acquisition. 

Environmental release of B. cepacia as a 
biological control agent 

Whilst the CF community debates the clinical issues of 
B. cepacia colonisation and transmission, agricultural 
microbiologists continue to develop the organism as a 
biological control agent to exploit its antifungal activity 
(Fig. 1) for the enhancement of crop yields [122, 123] 
and its nutritional adaptability in the bioremcdiation of 
landfill sites, contaminated soils and ground water 
aquifers [124-126]. Deliberate environmental distribu- 
tion of B. cepacia as field inoculants raises the issue of 
the phylogenetic relationship between B. cepacia of 
environmental and clinical origin and the potential 
hazard for human infection. The debate on this 
relationship has revealed the gulf that exists between 
different areas of interest and microbiological expertise 
and, as stated recently in an editorial comment on 
another contentious issue, bovine spongiform encepha- 
lopathy, Underscores the weakness of separating 
agricultural and medical science' [127]. 

We have stated previously that the scientific evidence 
that environmental strains of B. cepacia present little 
hazard to man is weak [14] and is based on 
examination of only a few bacterial isolates and 



Tabic 3. Factors that may influence acquisition of B. cepacia 

• In colonised individuals, B. cepacia saliva counts can exceed I0 H cfu/ml, suggesting that the highest risk of paticnt-to-patient spread is 
transmission of respiratory secretions during kissing or through sharing of eating or drinking utensils. 

• Spirometer mouthpieces become heavily contaminated during lung function tests. Risk avoided by use of disposable mouthpieces. 
Recovery from the surface of lung function equipment is low. 

• Recover)' from antibiotic reservoirs of nebulisers has been reported, but incidence is low and the degree of risk appears secondary to the 
preceding factors. 

• Aerosol recovery is low, suggesting low risk of aerosol transmission. 

• Hands become contaminated after coughing and the organism can be transmitted by handshake. Survival on hands reduced to 10% after 
30 min; this varies in different individuals and may account for variable recover)' in surveillance studies. 

• Gastrointestinal carriage has not been demonstrated even in colonised individuals, suggesting that the risk of faecal-oral spread is 
minimal. 

• After surface contamination with B. cestui -containing sputum, viable bacteria can be recovered for several weeks. 

• Surface contamination by B. cepacia sputum is eliminated by treatment with UV irradiation and with common hospital disinfectants, 
including Milton. Dettol, alcohol 70%, phenols, iodine and cctrimide. Careful drying is important after washing or disinfection. 

• Recuvcry of B. cepacia from soil, plants, drains, lakes and surface waters is low, suggesting that natural environments present a possible 
but low risk for acquisition. 
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Fig. 1. Inhibition of the phytopathogenic fungus Rhizoc- 
tonia solani by five isolates of B. cepacia. The fungus 
was inoculated in the centre of the plate and bacteria 
around the perimeter. Cultures were photographed after 
incubation for 14 days at room temperature. 



inappropriate bacterial properties [24]. Although some 
studies have indicated that environmental and clinical 
isolates are distinct, no reliable phenotypic markers 
have been identified [25,45, 108]. The suggestion that 
clinical isolates can be distinguished from soil isolates 
based on the former's lack of plant pathogenicity [45] 
is discounted by the fact that CF isolates of B. 
cepacia will readily macerate onion tissue (Fig. 2) 
[14]. In addition, the invasive B. cepacia foot lesions 



known as swamp foot [128]. acquired by military 
personnel during jungle training, confirm the patho- 
genic potential of environmental strains of B. cepacia 
for man. 

The potential hazard that some or all environmental B. 
cepacia strains present to the CF community is 
unclear and requires investigation. The fact that new 
cases of B. cepacia colonisation continue to occur 
with strains that show no genotypic relationship to 
other isolates within the same CF centre, points to the 
environment as a potential source. However, the extent 
of this risk is difficult to assess. Extensive microbio- 
logical safaris into supermarkets and domestic homes 
[15], and a range of botanical soils and cultivars [14], 
indicate that B. cepacia can be cultured from up to 
20% of warm moist environmental sites, particularly 
soils, but that it is not as ubiquitous as other 
pseudomonads. Interestingly, in our studies to date, 
none of the environmental isolates of B. cepacia have 
been identified as belonging to genomovar III. 



Conclusions and future prospects 

B. cepacia is a striking example of a multiresistant soil 
saprophyte and phytopathogen that has emerged as an 
important threat to susceptible human hosts. In the CF 
community, the degree to which infection control 
measures should be implemented continues to arouse 
strong scientific and social debate. The validity of strict 
control is supported by circumstantial, but nevertheless 
compelling, evidence for direct pcrson-to-person trans- 
mission of epidemic strains through nosocomial and 
social contact. In contrast, although the risk of indirect 
iatrogenic spread from contaminated fomitcs remains 




Fig. 2. Soft rot of a segmented 'compromised* onion inoculated with a clinical B. cepacia isolate of the epidemic ET12 
lineage (left) and an uninoculated control (right), both incubated at 3()*C for 72 h. Reproduced with permission from 
Butler et ai. [14]. 
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unclear, available evidence suggests that this route is 
less important than direct transfer. An important caveat 
in attempts to generalise on B. cepacia transmission is 
evidence that the major epidemics of B. cepacia 
involve a subpopulaiion of highly epidemic lineages 
which might be re-allocated ultimately to new species; 
4 Burkholderia cfe? might be an appropriate but 
probably controversial choice! Ongoing microbiological 
surveillance in CF centres indicates that sporadic 
acquisition of epidemic lineages continues to occur 
when there is a failure to comply with infection control 
measures. For example, a striking demonstration of the 
continued potential for transmission of the ET12 
lineage was its recent acquisition by an Edinburgh 
CF adult; extensive inquiries suggested that this patient 
had social contact for only lOmin whilst visiting 
another CF male who was hospitalised during an 
episode of B. cepacia septicaemia. Even when infec- 
tion control appears effective in preventing spread of 
epidemic lineages, new cases of B. cepacia colonisa- 
tion continue to occur with isolates that exhibit unique 
PCR ribolyping or PFGE profiles. Such sporadic 
acquisitions raise a fundamental question concerning 
the source and colonising potential of individual B. 
cepacia strains. For example, docs the environment 
contain a subpopulation of B. cepacia clones that are 
innately primed for human colonisation, or does 
colonisation and virulence in man require in-vivo 
adaptation? Future improvements in laboratory identi- 
fication of B. cepacia subpopulations associated with 
CF disease and identification of transmission factors, in 
addition to cable piii, may provide scientific justifica- 
tion for relaxation of segregation in the absence of 
known epidemic and potentially virulent lineages. 
Turning our attention to CF patients, we need to 
clarify why colonisation by the same strain of B. 
cepacia leads to variable clinical responses, ranging 
from asymptomatic colonisation to rapid fatal pulmon- 
ary deterioration. It could be argued that this particular 
problem is not unique to B. cepacia, and that applying 
Koch's postulates in an attempt to distinguish between 
sycophancy and pathogenic potential is difficult when 
dealing with any opportunist pathogen. Certainly, host 
factors cannot be ignored in attempts to understand the 
pathogenic processes involved in CF lung infections. 

During the final preparation of this review, a 
deceptively simple and elegant study has illustrated 
how CFTR-associated defective CI" transport across 
airway epithelia might lead to bacterial colonisation in 
CF patients. Smith ei al. [129] showed that the normal 
human apical epithelial surface is bactericidal for P. 
aeruginosa and S. aureus; in contrast, the bactericidal 
activity was inhibited reversibly in CF epithelia 
because of a high NaCl concentration. If this 
phenomenon varies in individual CF patients — or if 
individual B. cepacia strains differ in susceptibility to 
the defensin-like bactericidal agent—it might explain 
some of the host- and pathogen -specific anomalies 
associated with B. cepacia pulmonary infection and 



suggest novel strategies for infection control and 
therapy of this unusual and challenging opportunist 
pathogen. 

It is difficult to avoid a final comment on the irony 
that whilst B. cepacia continues to hold the CF 
community to ransom, agricultural microbiologists 
seek to develop the commercial and beneficial 
potential of this microbial Jekyll and Hyde in their 
search for biological control agents. This situation 
demonstrates the diversity of microbiology, but should 
also encourage attempts to reduce the present gulf 
between agricultural and medical science. 
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a postdoctoral research fellow. Special thanks are due to our 
laboratory colleagues past and present. 
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Note added in proof 

Following submission of this review, the results of an 
epidemiological study of B. cepecia in a large scries of 
CF patients attending the CF centre in Verona were 
published. Cazzola et at. concluded that their results 
are difficult to interpret. Nevertheless, data arc essential 
if progress is to be made in unravelling /?. cepacia 
epidemiology, and the results of this study are 
particularly relevant to the major issues discussed in 
our review. 

Between Nov. 1991 and Dec. 1994, B. cepacia was 
cultured from 85 (1 1.0%) of 769 CF patients attending 
the Verona centre. Based on genomic fingerprinting, 
32 (53.3%) patients were colonised by individual R. 
cepacia strains; the remaining 28 (46.7%) patients 
were divided into 10 subgroups, each colonised by a 
distinct strain. As previously encountered with the 
ETI2 lineage, the outcome of B. cepacia colonisation 
in the Verona study varied from rapidly fatal 
septicaemia to maintenance of reasonably stable 
respiratory function, even in patients colonised by 
the same strain. Cazzola et at. provide further 
evidence for hypotheses discussed in our review that 
some B. cepacia strains exhibit and low transmissi- 
bitity that the environment is a likely source of 
sporadic new cases: e.g., transmission was observed in 
only three of eight pairs of CF siblings; in unrelated 
patients, direct person-to-person transmission was 
evident in only 10 cases (16.7%); despite a strict 
segregation policy, whether as in- or out-patients, 15 
new colonised patients were identified during 1993. 
Considering social implications and the paucity of 
previous data, it was particularly interesting to note 
that transmission was demonstrated between two 
unrelated CF schoolmates. 

Cazzola G, Amalritano G, Tonclli E, Perazzoli C. Piaceniini I. 
Mastella G. Burkholderia (Pseudomonas) cepacia epidemiology in a 
cystic fibrosis population: u genome finger-priming study. Acta 
Paediutr 1996; 85: 554-557. 



Pseudomonas cepacia: Biology, 
mechanisms of virulence, epidemiology 



Pseudomonas cepacia, originally described as a plant pathogen, has 
emerged as an Important cause of Infection in altered hosts, particularly In the 
hospital setting. This organism's ability to survive and proliferate in a variety of 
solutions, medications, and even disinfectants and antiseptics has resulted in 
numerous clusters of common-source nosocomial infections. Many patients 
exposed to P. cepacia are merely colonized, but serious infections, including 
surgical and burn wound infections, bacteremia, meningitis, pneumonia, 
peritonitis, and urinary tract infections, are not rare. The virulence properties of 
this pathogen remain poorly characterized. Recently, P. cepacia has been 
reported in some cystic fibrosis centers as an increasingly frequent pulmonary 
pathogen. This trend has caused considerable concern because of reports of 
occasional cases of fulminant necrotizing pneumonia and bacteremia. Con- 
versely, many patients with CF who become colonized with this organism have 
no ill effects. The epidemiology of P. cepacia in the CF population is unclear, 
but some patients probably acquire the organism from colonized siblings with 
CF. Circumstantial evidence suggests that the organism may also be acquired 
in the hospital. Treatment of infections is exceedingly difficult, particularly in 
patients with CF, because P. cepacia is resistant to a broad range of antibiotics. 
(J Pediatr 1986;108(2):806-812) 

Donald A. Goldmann, M.D., and Jeffrey D. Klinger, M.P.H., Ph.D. 

From the Division of Infectious Diseases. Children's Hospital, and the Department of Pediatrics. 
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Pseudomonas cepacia, first described as a cause of soft rot 
in onions in 19507 is now recognized as an important 
opportunistic pathogen in hospitalized patients and other 
compromised hosts. Although many patients are colonized 
with P. cepacia without noticeable ill effects, others 
experience "• severe, life-threatening infections. Recent 
reports from a number of centers 2 ' 7 indicate that patients 
with cystic fibrosis are at particularly high risk for coloni- 
zation and infection with P. cepacia. Indeed, the CF 
population is the principal group affected by P. cepacia at 
the present time. The difficulty in treating P. cepacia 
pulmonary infection in these patients has stimulated 
increasing interest in the microbiology, epidemiology, and 
virulence of this organism. 
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P. cepacia has had a variety of names in the past, 
including Pseudomonas kingii, Pseudomonas multivo- 
rans, and EO-1 (cugonic oxidizers group J), but the 
identity of all of these organisms has been clearly estab- 
lished. M On the basis of nucleic acid homologies, P- 
cepacia has been found to be closely related to Pseudomo- 
nas mallei and P. pseudomailei (the agents of glanders 
and melioidosis, respectively), P. pickettii (a rare cause of' 
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human infections), and several pseudomonal plant patho- . 
gens. 10 -" It is only distantly related to the much more 
common and well-known opportunist, Pseudomonas aeru- 
ginosa. Like other members of its genus, P. cepacia is 
ubiquitous in the environment, where it is frequently 
associated with soil, water, and plants. It is an incredibly 
versatile organism, capable of utilizing a wide variety of 
nutrients for growth. Suitable substrates range from sim- 
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pie salts such as ammonium acetate' 2 to complex organic 
molecules such as 2,4.5-trichlorophenoxyacctic acid, the 
principal herbicide in "agent orange." 13 Even penicillin can 
. serve as the sole source of carbon, nitrogen, and energy. 14 
j This metabolic versatility has been exploited by genetic 
i\ engineering of P. cepacia strains that utilize environmental 
% chemical contaminants. 

P. cepacia survives in a variety of adverse conditions 
••(Table f). It thrives in natural water sources' 5 - 16 and can 
^proliferate in tap or distilled water, 11 - x * presumably by 
i utilizing trace elements and low concentrations of organic 
. materials. This characteristic, coupled with its resistance 
to a variety of commonly used disinfectants, antiseptics, 
and preservatives, makes P. cepacia a formidable nosocom- 
ial pathogen. 

Numerous outbreaks of P. cepacia colonization and 
infection have been caused by contaminated solutions, 
pharmaceuticals, and medical devices. 19 Contaminated 
dilute aqueous quaternary ammonium disinfectant has 
caused, epidemics of infection, ultimately leading the 
Centers for Disease Control to recommend against its use 
in hospitals. 18 :0 In one instance, P. cepacia persisted for 14 
years in an inorganic salts solution "preserved" with 0.05% 
benzalkonium chloride. 12 By gradually increasing the con- 
centration of benzalkonium chloride, strains were easily 
derived that grew in 16% disinfectant. P. cepacia can also 
persist in aqueous chlorhexidinc 21,22 and povidone 
iodine. 23 

P. cepacia is virtually nonpathogenic in normal, healthy 
individuals. Even direct injection of contaminated fluids 
into immunocompetent patients may result in only tran- 
sient fever or colonization.' 9 " 22 However, when patients 
have severely altered host defenses (as in the case of burn 
victims or patients with CF) or have indwelling catheters 
or other medical devices, serious infections may occur. 
Reported infections include endocarditis (particularly in 
intravenous drug abusers), 24 bacteremia, 25 postoperative 
and burn wound infections, 2 *' peritonitis, 27 osteomyelitis 
and septic arthritis, 2 " meningitis, 2g and lung abscess and 
pneumonia. 30 12 The infections complicating chronic granu- 
lomatous disease 3335 are particularly interesting because 
they tend to occur in individuals who have had no prior 
evidence of a host defense problem. 

The association of P. cepacia with pulmonary disease in 
CF was first noted during a study of aminoglycoside 
resistance in pseudomonads isolated from sputum cultures 
in this population. 2 Of the 200 patients studied from 1974 
to 1978, eight were found to be colonized with P. cepacia. 
More recently, some cystic fibrosis centers have reported a 
dramatic increase in the rale of isolation of P. cepacia from 
sputum. For example, at the Rainbow Babies and Chil- 
drens Hospital in Cleveland the annual incidence of 
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Table I. Sources of isolates of Pseudomonas cepacia 
(selected) 



Decayed onions 


Ultrasonic nebulizers 


Soil 


Infant incubators 


Rotting tree trunks 


Respirators 


Tap water 


Humidifiers 


Distilled water 


Pressure transducers 


Saline .solution 


Intravenous fluids 


Raw and pasteurized milk 


Normal serum albumin 


Topical anesthetics 


Cryoprecipitate 


Aerosol antibiotics 


Dialysis machines 


Met hy [prednisolone 


Disinfectants 


Urinary catheter kits 


Baby lotions 



Adapted from Gilurdi GL. Lab Management 1983:21:29-32. 



pulmonary colonization with P. cepacia increased from 
3.3% to 8.2% from 1979 to 1983, and the prevalence of 
patients with P. cepacia in their sputum increased from 
5.1% to 20. 0%. 36 An increase in the prevalence of P. 
cepacia colonization also was reported by the CF group at 
the Toronto Hospital for Sick Children during a similar 
period. 5 6 Despite these reports, the magnitude of the P. 
cepacia problem in CF remains undefined. It is possible 
that the apparent increase in the prevalence of P. cepacia 
in some centers is, at least in part, an artifact of increased 
laboratory awareness, and this may be exacerbated now 
that efficient selective culture media arc available. 37 - 38 
Most centers have noted only sporadic isolates of P. 
cepacia. In other centers, such as St. Christopher's Hospi- 
tal for Children in Philadelphia, the incidence of P. cepacia 
isolations has not changed dramatically, and the preva- 
lence of colonization has gradually declined (Dr. D. 
Schidlow, personal communication). 

The appearance of P. cepacia in the CF population has 
caused considerable alarm, not only because of the increas- 
ing number of colonized patients being recognized at some 
centers but also because some investigators have reported 
that colonization tends to be associated with accelerated 
clinical deterioration. Thomassen et al., 3<) in Cleveland, 
noted that patients colonized with P. cepacia seemed to 
have more serious lung disease and a poorer prognosis than 
patients colonized only with P. aeruginosa. Isles et al* in 
Toronto, found that some patients, particularly girls and 
young women, who acquired P. cepacia experienced a 
rapid decline in pulmonary function. 6 A small subset of 
patients who had been clinically stable with relatively mild 
lung disease experienced an acute, fulminant course char- 
acterized by high fever, elevated sedimentation rate and 
white blood cell count, progressive pulmonary failure, and 
death. Pathologic examination of the lung revealed severe 
necrotizing pneumonia. From 1977 to 1981, isolation of P. 
cepacia from patients who died increased from 17% to 
42%. Similarly, four young adult women in Cleveland had 
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relentless deterioration, leukocytosis, spiking fevers, and 
death within several weeks to a few months after coloniza- 
tion with P. cepacia. 40 P. cepacia was recovered from blood 
cultures in all four patients. P. cepacia bacteremia in CF 
patients is striking; P aeruginosa, the organism that 
colonizes the vast majority of patients with CF, virtually 
never causes bacteremia. 3, 41 

Although these reports are of great concern, many 
patients colonized with P. cepacia have no detectable 
change in their clinical course, 39 - 47 and certain patients 
colonized with P. aeruginosa experience unpredictable, 
sudden pulmonary deterioration. Moreover, regardless of 
whether the lung is colonized with P. cepacia or P. 
aeruginosa, CF pulmonary disease is ultimately lethal. 
Carefully controlled epidemiologic studies in a large CF 
population will be required to establish the true virulence 
of P. cepacia. A recently completed study at St. Christo- 
pher's Hospital for Children, performed in collaboration 
with the Centers for Disease Control, represents an impor- 
tant first step. 7 This case-control study suggested that 
patients colonized with P. cepacia tend to be hospitalized 
longer and die sooner than comparison subjects matched 
for severity of illness. However, the matching criteria used 
in this study (mild, moderate, and advanced disease 
categorized by Schwachman score 41 ) are broad and subjec- 
tive, and it may be difficult for any single center to define a 
sufficient number of controls matched by more precise 
indicators of the severity of underlying pulmonary dis- 
ease. 

It is not clear how patients with CF initially become 
colonized with P. cepacia. Patients probably encounter the 
organism frequently in the community, and colonization 
may be favored by the selective pressure of the prolonged 
oral antibiotic therapy. Accumulating evidence suggests 
that many patients acquire P. cepacia either in the hospital 
or through contact with colonized siblings. The clustering 
of P. cepacia in a few centers implies that acquisition of the 
organism may be associated with specific hospital expo- 
sures or practices. Moreover, colonization appears to be 
correlated with recent or concurrent hospitalization 7 - 1A - 39 or 
a recent visit to a hospital clinic (Dr. D. Schidlow, personal 
communication). In studies not involving CF patients, 
contaminated topical anesthetics 44 and solutions used in 
bronchoscopy, aerosolized antibiotics, 45 and contaminated 
nebulizers 30 46 all have been associated with P. cepacia 
pulmonary colonization and infection. Inadequate disinfec- 
tion of inhalation therapy equipment was an important 
cause of gram-negative pulmonary infection until the 
danger was recognized in the last decade. 47 Therefore, 
investigators in several centers performed extensive culture 
surveys to detect P. cepacia contamination of the 
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hospital environment. To date there has been no convinc- : 
ing evidence for an environmental reservoir in CF cen- ; 
ters. 

Attempts to demonstrate person- to- person spread of P. : 
cepacia have yielded tantalizing clues, but the extent of ;: 
transmissibility among CF patients is unclear. The risk of-. 
P. cepacia colonization is significantly increased if a 
sibling harbors the organism. 7 36 Analysis by biotyping,. 
serotyping, bacteriocin typing, and antibiograms suggests 
that some sibling pairs are colonized by the same strain. 41 
Aside from this apparent sibling-to-sibling spread, direct 
evidence that P. cepacia is transmitted from person to 
person, either in the hospital or in other settings where CF 
patients congregate, has been difficult to obtain. Neverthe^ 
less, the possibility that P. cepacia might be acquired by 
contact with colonized patients has produced considerable 
anxiety in the CF community. In Cleveland, the CF group 
has responded by instituting a variety of procedures to 
reduce the risk of transmission, including physical separa- 
tion of colonized and noncolonized patients in the hospital, 
reeducation of the stafT concerning basic infection control 
procedures, and institution of separate summer camps. 
These measures have been associated with a sharp decline 
in the incidence of P. cepacia colonization, from 8.2% in 
1983 to 1.7% in 1984. 3ft Further studies are needed to 
confirm the efficacy of these precautions, which signifi- 
cantly alter the care routine and social life of CF 
patients. 

Antimicrobial therapy for P. cepacia infections poses a 
significant challenge, because this pathogen is routinely 
resistant to many agents. In fact, resistance to the poly- 
myxins and aminoglycoside antibiotics is useful in distin- 
guishing this organism from other pscudomonads in the 
laboratory and in designing selective culture media. 37 5,1 49 
P. cepacia is also resistant to first- and second-generation 
cephalosporins and traditional antipseudomonal penicil- 
lins, such as ticarcillin. This is not surprising, because an 
inducible /3-lactamase has been demonstrated in P. cepa- 
cia, which hydrolyzcs many cephalosporins and penicil- 
lins. 50 Until recently, the most effective antibiotics avail- 
able for the treatment of P. cepacia infections were 
trimethoprim-sulfamethoxazole and chlorampheni- 
col 19 - 44 !J52 ; these antibiotics may still be useful in certain 
clinical settings. Treatment of CF poses a special problem; 
few strains remain susceptible to TMP-SMZ or chloram- 
phenicol, and the aminoglycoside and penicillin antibiotics 
used to treat P. aeruginosa infections will increase the 
selective pressure favoring colonization with P. cepacia- 
Further studies are required to determine how the growing 
popularity of aerosolized antibiotics, such as polymyxin, 
carbenicillin, and tobramycin, in CF centers may affect 
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Table II. Scrotyping of Pseudomonas cepacia 



Serotype' (%) 



Multl- 



Non- 



isolate source 


1 


la 


lb 


II 


III 


IV 


type 


typable 


Reference 


CP patients (n = 112} 


50.9 


2.7 


0.9 


0 


1.8 


3.6 


33.8 


6.3 


Klinger ct al bS 


Non-CF patients (n = 65 ) 


7.6 


6.2 


3.1 


0 


10.8 


7.7 


33.8 


30.S 


K linger et a I 6 -* 


Environmental (n = 34) 


S.8 


8.8 


0 


0 


2.9 


0 


8.8 


70.7 


Klinger ei al 65 


Non-CF patients (n = 137) 


21.4 


31.7 


30.3 


8.3 


8.3 


t 


t 


X 

T 


Jons son* 4 



Scrotyping scheme of .lonvson*': serotype IV described in Klinger et al.* 
•Percentage of total strains (per source ^roup) for indicated serotype. 
tSerotype I V nui described at time of study.*" 4 

$ Pol yuggHitina tine (muli'uype) and noniypablc strains not indicated." 4 



colonization with P. cepacia. 4 - In addition, aerosol equip- 
ment might become contaminated with P. cepacia, result- 
ing in aerosolization of the organism into the lung. 47 * 4 

Recently developed antibiotics, including several third- 
generation cephalosporins, thienamycin (imipenem), 
aztreonam, and ciprofloxacin, demonstrate some in vitro 
activity against P. cepacia. 5 * M Of these agents, ceftazidime 
was believed to be particularly promising because most 
strains from patients with CF are susceptible in vitro. 514 
Initial clinical experience with ceftazidime in the treat- 
ment of patients with P. cepacia infection, however, has 
been variable. Gold ct al., w administered 18 courses of 
ceftazidime to 14 CF patients with severe chronic lung 
disease. Clinical improvement occurred with six treatment 
courses. Eight treatment courses were classified as failures, 
and four patients died after six, seven, eight, and 29 days of 
therapy, respectively. These therapeutic failures could not 
be attributed to the development of resistance to ceftazid- 
ime because resistance was found in only one patient. 60 
Subsequently, the same group treated a less severely ill 
population of colonized patients. 47 Most patients improved 
clinically, as generally can be expected when CF patients 
are hospitalized and given antibiotics intravenously/' Cef- 
tazidime significantly decreased P. aeruginosa in the 
sputum, but there was no reduction in the density of P. 
cepacia. Kercsmar et al/ >? and Blumcr et al. 6? also noted 
clinical improvement after ceftazidime administration in 
the majority of patients who had failed to respond to 
conventional therapy. 

Inasmuch as none of the antibiotics currently under 
development is likely to have a major impact on P. cepacia 
pulmonary infection in patients with CF, future research 
will focus on ways to prevent acquisition. Standard infec- 
tion control techniques will eliminate the usual hospital 
reservoirs of P. cepacia. Barrier precautions may prove 
useful in limiting person-to-person transmission, should 
this prove to be a frequent occurrence. The development of 



stable, reliable microbiologic typing systems would greatly 
facilitate study of the epidemiology of P. cepacia and 
permit a more rational approach to preventing further 
spread of the organism in the population with cystic 
fibrosis. Several typing systems have been proposed, but all 
must be considered preliminary. The first system to be 
described was based on 1 39 human isolates of EO- t from 
the collection of the Centers for Disease Control. 64 Five 
serotypes (I, la, lb, II, and 11!) were described, with types 
la and lb most frequently encountered. Recent studies 
have defined an additional serotype, IV. 6 - When recent 
isolates from CF patients, other patients, and environmen- 
tal sources were serotyped, it was discovered that a large 
proportion of the CF isolates were type I, compared with 
only 8% of strains from other sources (Table II). Many 
strains (particularly from environmental sources) aggluti- 
nated in multiple antisera or were nontypable, limiting the 
usefulness of this system in its present form and suggesting 
the existence of additional serotypes. 

Two other serotyping systems have been described in the 
past few years and have been used in limited epidemiologic 
studies. A French group 66 serotyped 285 isolates using a 
combination of seven O (somatic) and five H (flagellar) 
antisera. Strains from nosocomial outbreaks of P. cepacia 
in medical and surgical units in the Strasbourg area 
tended to have the same serotypes. For example, strains 
from a cluster of infection caused by contaminated bron- 
choscopes were serotype OSH5. Another system of 10 
serogroups has been described by Japanese investigators." 7 
With this system all but 12% of 105 strains could be 
serotyped. 

Two biotyping systems have been proposed for P. 
cepacia. 6 * 1 69 These systems are appealing because each 
relies on a small number of biochemical reactions that 
could be performed easily by most laboratories. With these 
systems P. cepacia can be separated into four* 5 - 6 * and 
eight 69 biovars, respectively. P. cepacia can also be charac- 
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terized by bacteriocin production and sensitivity. 70 Very 
recently, Govan et a 1. 71 reported that 95% of 400 strains 
were typable, falling into 44 cepacian types. Strains from 
documented outbreaks tended to have the same bacteriocin 
production and sensitivity patterns. 

Very little is known about the virulence properties of P. 
cepacia. In the initial report by Burkholder 1 and in several 
subsequent studies, 72 50% to 79% of P. cepacia strains have 
had protease (gelatinase) activity. McKevitt and Woods 73 
screened 48 P. cepacia isolates from patients with CF and 
found that the majority were proteolytic. Most strains also 
produced lipase; no exotoxin A- or exotoxin S— like activi- 
ties were detected. At least one metalloprotcinase of P. 
cepacia has been partially characterized. 74 Studies of 
proteolytic activity in P. cepacia are of particular interest, 
and proteases are believed to be important in the pathogen- 
esis of P. aeruginosa pulmonary infections. Purified prote- 
ases from P. aeruginosa produce significant pulmonary 
damage when directly instilled into the lungs of experimen- 
tal animals. In addition, recent work suggests that prote- 
ases of P. aeruginosa are the primary virulence factors in 
acute experimental pneumonia in guinea pigs. 75 

Some strains of P. cepacia are capable of synthesizing 
phenazine pigments similar to those of P. aeruginosa™ 
The conditions for optimal pigment synthesis and the 
frequency of this trait among clinical strains are not 
known, but it is interesting to speculate on the extent to 
which these pigments may inhibit lymphocyte prolifera- 
tion, as is seen with P. aeruginosa. 11 

Despite the in vitro demonstration of these virulence 
properties, P. cepacia has little virulence in animal models. 
Using a guinea pig model of Pseudomonas pneumonia in 
which intratracheal inoculation of 10 7 colony-forming 
units of P. aeruginosa reliably produces acute severe, fatal 
necrotizing pneumonia, 78 greater inocula of P. cepacia 
were required to produce even mild disease. An isolate 
from a patient who died of necrotizing P. cepacia 
pneumonia was no more virulent in this model than a strain 
from a colonized patient (J. Pennington, personal commu- 
nication). In preliminary experiments (data not shown), we 
have seen persistence of P. cepacia for at least 2 weeks in a 
rat model of chronic pulmonary infection. 79 Pathologic 
changes were similar to those observed using P. aerugino- 
sa, and no animals died (data not shown). P. cepacia is 
considerably less virulent than P. aeruginosa in the 
burned-mouse model, whether the organisms are injected 
intraperitoneal^ or inoculated onto the burned skin. 80 
However, a highly proteolytic isolate from a patient with 
CF was found in cultures of the liver 5 days after 
inoculation of the burn wound, suggesting that bacteremia 
had occurred. A recent report by Brauner et a!. 26 may 
provide a clinical corollary to this observation. Two cases 
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of P. cepacia bacteremia were noted subsequent to burn -.- 
wound colonization, and strains from both patients were;?: 
gclatinolytic. \f\ 
Considerably more work will be needed to determine ?? 
how P. cepacia produces infections in humans. Because P. 
cepacia infections can no longer be considered rare and arc ■: % 
very difficult to treat, especially in patients with CF, there }.'■ 
is an urgent need for further research. 
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' f^nrthe 19, year period ending December 1984, 4840 strains of Gram-negative 
^g^rS©tative bacteria were submitted to the National Collection of Type Cul- N 
^g^r8Sntification. Of these, 195 strains (4 0% of the total) were identified as 
Sm^^cepacia which demonstrates both that the species is regularly encoun- 
Bffi^cal material in the UK and that several laboratories have experienced 
'^njiiientifying the organism. The sources from which the 195 strains were 
fare reported and also the characteristics by which the species may be 
izfid. The clinical significance of Ps. cepacia is reviewed, and the resistance of 
sjftlf to disinfectants and antimicrobial agents commonly used to treat 
| BflBE Sfo,infections is discussed to underline the necessity for the precise identi- 
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l^dbmonas cepacia, a phytopathogemc 
<pcciesf ; was originally described by Burkholder 
| : |f^p||rd et al (1970) considered that Ps. 
|;^^p^as an earlier synonym of 'Ps. multi- 
^Stanier et ai 1966, and as such had 
SMfral priority. There was no pheno- 
nction between Ps. cepacia and Ps. 
15 1 and although DNA-DNA hybrid- 
^ffiriinents supported this view (Ballard 
970), a later numerical taxonomic 
^mth et al. 1981) of the phenotypic 
ffi|er et ai (1966) indicated the possi- 
jOTfe differences between Ps. cepacia 
I multivorans'. However, all other 
Hp«£ noted the similarity between Ps. 
PBlv!Ps- multivorans' (e.g. Sands et al. 
Jfetween these species and strains of 
ilpDup 'eugonic oxidizers, group 1' 
' plater called 'Ps. kingii' by Jonsson 
>also Gilardi 1970, 1971; Mackel 
llf|t;:& Pedersen 1970a). Sneil et al 
&$ed 'Ps. kingii' (EO-1) as another 
Iffiyfo of Ps. cepacia whilst Samuels et 



strains of clinical and 
results also supported 
cepacia, 'Ps. kingii' 
Pseudomonas cepacia 



plant origin and their 
the synonymy of Ps. 
and 'Ps. multivorans.' 
is the correct name 



|gnd Sinsabaugh & Howard (1975) 
gfieisynonymy of 'Ps. kingii' with 'Ps. 
'/ Gonzalez & Vidaver (1979) studied 



nomenclaturally (Palleroni & Holmes 1981). 

Pseudomonas cepacia has been reported with 
increasing frequency in clinical material by 
workers in the USA and the UK, and with less 
frequency elsewhere (Table 1). Strains have been 
isolated from a wide variety of human clinical 
sources (Table 1) and several reports have 
appeared detailing the role of this organism as 
the responsible agent ifi outbreaks of noso- 
comial infections. In many cases contamination 
of aqueous topical anaesthetics, disinfectants or 
irrigating solutions was implicated (Table 1). 
Pseudomonas cepacia is generally regarded as a 
low grade pathogen (e.g. Hardy et al. 1970) but 
its ability to contaminate and perhaps grow in 
certain disinfectants in common use in hospitals 
(e.g. Bassett et al. 1970), as well as to grow in 
deionized or distilled water (Gelbart et al 1975, 
1976), makes it a potentially dangerous 
organism. True infection is seen occasionally 
(e.g. Bassett et al 1970) but the role of the 
organism has been questioned (Anon. 1970). 
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Table 1. Summary of previous reports on identification and incidence of Pseudomonas cepacia 



Country of origin 
of report 



USA 



Reference 



Common sources of isolates rec 
(where appropriate) 



Sorrell & White (1953) 
Schiffet a/. (1961) 
King (1964, 1967) 
Dailey & Benner (1968) 
Hardy et al (1970) 
Pickett & Pedersen (1970a, b) 
Pedersen et al (1970) 
Mackel (1970) 

Gilardi (1970, 1971, 1972, 1978) 
Ederer & Matsen (1970) 
Hugh (1970) 
Seligman et al (1971) 
Taplin et al (1971) 
Anon. (1972) 
Pixon (1972) 
federer & Matsen (1972) 
/ Gilardi (1972) 

Schaffner et al (1973) 
Weinstein et al (1973) 
Dunne et al (1973) 
Anon. (1973) 
Meyer (1973) 
Hamilton et al (1973) 
Rahal et al (1973) 
Neu et al (1973) 
von Gravenitz (1973) 
Anon. (1974) 

McKinley & McCroan (1974) 
Denney et al (1975) 
Bottone et al (1975) 
Noriega et al (1975) 
Feeley et al (1975) 
Matsen (1975) 
Cabrera & Drake (1975) 
Gelbart et al (1975, 1976) 
Rapkin (1976) 
Weinstein et al (1976) 
Kaslow et al (1976) 
Frank & Schaffner (1976) 
Sieber & Fulginiti (1976) 
Dixon et al (1976) 
Kuehnel & Lundh (1976) 
Darby (1976) 
Mandell et al (1977) 
Poe et al (1977) 
Steere et al (1977) 
Kothari et al (1977) 
Blessing et al (1979) 
Rhame et al (1979a, b) 
Rosenstein & Hail (1980) 
Berkelman et al (1981) 
Martone et al (1981) 
Craven et al (1981) 
Rhame et al (1981) 
Schmidt et al (1981) 
Rhame & McCullough (1982) 
John & Twitty (1982) 
Anon. (1982) 
Berkelman et al (1982) 



Blood (endocarditis) 

Blood (endocarditis) 

Urine, blood, respiratory tract 

Respiratory tract 

Urine* 

Respiratory tract, blood 
Urinary catheter kits 



Blood (endocarditis) 
Wounds (toe webs) 
Predominantly urine* 
Predominantly urine* 
Urine, respiratory tract, wounds, 1 
Wound, blood, urine 
Respiratory tractf 
Respiratory tract 
Bloodf 
Bloodt 
Blood 

Blood (endocarditis) 
Blood (endocarditis) 
Blood (endocarditis) 

Various* 
Blood* 

Respiratory tract 

Blood (endocarditis) \ 
Respiratory tract . ;t - 

Predominantly respiratory tract and t 
Bloodt 

Nebulizer water reservoirs 

Variousf 

Blood* 

Blood* . 
Blood and intravenous fluid* 
Respiratory tract 
Various* 

Blood* ..-Jul 

Ventricular fluid 

Blood (endocarditis) 

Respiratory tractf 

Bloodf 

Synovial fluid 

Respiratory tract (cystic fibrosis) ; 

Bloodt c 

Blood and respiratory tract (cystic J 

Blood* 

Varioust 

Blood* 

Respiratory tractt 
Respiratory tract 
Bloodt 
Urine* 

Peritoneal fluid ' 



Identifi 



Country of origin 
of report 



UK 



Australia 

France 
Canada 



Switzerland 

Chile 

Denmark 

Denmark and Holland 

Israel 
Japan 
Sweden 
T rinid a( j 



Decicco 

Lybarg< 

Gilardi 

Macken 

Gilligan 

Rutala i 

Styrt & 

Smith e. 

Tablan 

Thomas 

Clegg et 

Mitchell 

Burdon 

Bassett . 

Phillips 

Speller < 

Snell et 

Speller ( 

Bassett . 

Roberts 

Henders 

Stirland 

King& 

Pallent < 

Nakhla 

DeMol I 

Zech (19 

Youras* 

Juffs (19 

Morris e 

Guinnes 

Webling 

Richard 

Monteil 

Randall 

Gold et 

Isles et c 

McKevit 

Conly et 

Pappalai 

Fernanda 

Bremmel 

Borghan 

Siboni ex 

Sobel et 

Yabuuch 

Brauner 

Morris & 



Source traced to contaminated ar 
"^pressure transducers and urinary 
f^ource traced to contaminated am 

identi e f v ,S ° lale described b > Sorrell &• 
T y W ? S establ *hed later (Hardy et 

lisherf i? tC descri bed by Schiff et a. 

p later (Hardy et al 1970). 

descn J 1 ' 3108 ° f Morris & Roberts V 
Sev? IT ? P/>5 - ™'"'wW (Stanier 
H aighnQ R °// he cases bribed by PI 
*" H*84) were caused by contamin; 



(Pseudom onas cepacia 

sources of isolates repo rled 
vhe^eappropriate) 

.rditis) 
.rditis) 

respiratory tract 
act 



act, blood 
ter kits 



.rditis) 
vebs) 
/ urine* 
1 urine* 

tory tract, wounds, blood 
I, urine / 
actf 
act 



irditis) 
irditis) 
irditis) 



act 

irditis) 
act 

y respiratory tract and urine 
er reservoirs 



ravenous fluid* 
act 



lid . 

irditis) 

actf 



act (cystic fibrosis) 
;piratory tract (cystic fibrosis) 



-actf 
:act 



id 
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Table 1 {continued) 



Holland 



Reference 



Common sources of isolates reported 
(where appropriate) 



Decicco et al (1982) 
Lybarger (1982) 
Gilardi (1983) 

Mackenzie & Gilligan (1983) 
Gilligan & Schidlow (1984) 
Rutala et al (1984) 
Styrt & Klempner (1984) 
Smith et al (1985) 
Tablan et al (1985) 
Thomassen et al (1985) 
Clegg et al (1986) 
Mitchell & Hay ward (1966) 
Burdon & Whitby (1967) 
Bassett et al (1970) 
Phillips et al (1971) 
Speller et al (1971) 
Snell et al (1972) 
Speller (1973) 
Bassett et al (1973) 
Roberts & Speller (1973) 
Henderson & Byatt (1974) 
Stirland & Tooth (1976) 
King & Phillips (1978) 
Pallent et al (1983) 
Nakhla & Haigh (1984) 
DeMol (1979) 
Zech (1979) 

Yourassowsky et al (1979) 
Juffs (1973) 
Morris et al (1976) 
Guinness & Levey (1976) 
Webling (1978) 
Richard et al (1981) 
Monteil et al (1981) 
Randall (1980) 
Gold et al (1983) 
Isles et al (1984) 
McKevitt & Woods (1984) 
Conly et al (1986) 
Pappalardo et al (1980) 
Fernandez & Otth (1972) 
Bremmelgaard (1975) 
Borghans et al (1979) 
Siboni et al (1979) 
Sobel et al (1982) 
Yabuuchi et al (1970) 
Brauner et al (1985) 
Morris & Roberts (1959) 



Nasal sprays 
Urine 

Respiratory tract (cystic fibrosis) 
Respiratory tract (cystic fibrosis) 
Bloodf 

Respiratory tract 
Bone 

Respiratory tract (cystic fibrosis) 
Respiratory tract (cystic fibrosis) 

Urine* 

Contaminated disinfectants 

Wounds* 

Bloodf 

Urine, blood, wounds* 

Blood (endocarditis)* 

Blood* 

Urine 

Vagina, urine, incubator humidifier water* 
Wound, central venous pressure line* 



Blood*, f 
Blood*, t 
Various*, t 
Bloodf 
Milk 

Contaminated disinfectant 
Predominantly urine and blood*, f 
Ventricular fluid 

Respiratory tract, respirator humidifier water 

Various, predominantly urine*, f 

Sputum (cystic fibrosis) 

Sputum (cystic fibrosis) 

Sputum (cystic fibrosis) 

Respiratory tractf 

Blood 

Blood, cerebrospinal fluid, incubator water 



Bloodf 
Bloodf 

Predominantly urinai 
Blood 
Blood 

Soil, river water 



tract* 



C^^^Wb contaminated antiseptic, disinfectant, etc., in some cases via such sources as haemodialysis 
-jure transducers and urinary catheter kits. 
; ^g^|||TCd to contaminated anaesthetics, saline, distilled water, etc. 
^^^^^ffi|cribed by Sorrell & White (1953) was reported as 'a variant of the genus Herellea" but its true 
Entity jvas ^established later (Hardy et al. 1970). 

^scribed by Schiff et ai (1961) was identified as 'Flavobacterium' but its true identity was estab- 
plater (Hardy et al 1970). 

SSfisS^^lH "Morris & Roberts (1959) were not described as Ps. cepacia but were included in the original 
^^^M^P^'multivorans 9 (Stanier et al 1966). 

^^&ofnhe cases described by Phillips et al. (1971) and by Zech (1979), and those described by Nakhla & 
*^^^g^^eicaused by contaminated blood pressure monitoring equipment. 



Best Available Copy 



302 



B. Holmes 



Over a 19 year period, up to December 1984, 
4840 strains of Gram-negative non-fermentative 
bacteria were submitted to the National Collec- 
tion of Type Cultures (NCTC) for identification. 
Of these, 195 strains (4 0% of the total) were 
identified as Ps. cepacia which suggests both 
that the organism is not uncommon in clinical 
material in the UK and that many laboratories 
encounter difficulty in identifying the species. 
The results of biochemical tests carried out on 
195 strains of Ps. cepacia are therefore reported 
here. 



Materials and Methods 



/ 



BACTERIAL STRAINS/ 

One hundred and ninety-five strains of Ps. 
cepacia were examined. They comprised 191 
field strains isolated from clinical material, prin- 
cipally in the UK, and sent to the NCTC for 
computer-assisted identification; the other four 
strains were reference cultures maintained in the 
NCTC The sources of the field strains are given 
in Table 2. The four reference cultures were 
NCTC 10743 (type strain) and strains NCTC 
10661, 10734 and 10744. 

BACTERIOLOGICAL STUDIES 

The 191 field strains were identified in some 
cases solely on the test results provided by the 
sending laboratory, in other cases on the test 
results obtained in the sending laboratory com- 
bined with the results of further tests done at 
the NCTC and in the remaining cases solely on 
the test results obtained at the NCTC. Only the 
biochemical test results obtained at the NCTC 
are reported, so that for strains identified solely 
on the test results obtained in the sending labor- 
atory no results are given. In addition, as differ- 



ent numbers of tests were carried; oug^ 
strain, the number of strains examinecf 
test is given in Table 3. Th e IS 
computer-assisted identification ustcfe 
NCTC has been described elsewhere^Mjll 
al 1980). The four reference cultures jvffif 
ined in all the 68 tests listed in' T aBlel 
methods used for these tests ^mf 
described previously (Holmes et al. Wj 
test cultures were incubated at . 3ttg|fecQ 
where otherwise required by the s pecific 
for the test. 

Results 

The strains were Gram-negative rodgfcai? 
producing non-pigmented coloniesjrof?^ 
agar, but 13 (of 173 tested) were yellc^^g 
ed. The biochemical test results aj^fjj 
Table 3. 



Discussion 

The biochemical characteristics ofi^pi 
strains of Ps. cepacia (Table 3) agree ve^E] 
with those of the reference cultur es^! 
species (which include the type stra^E^S 
tained in the NCTC and with the^^^g 
description of the species given by 
(1950) except that only 30% of 
strains reduced nitrate and 64% P|od^jg 
urease. The biochemical characteristics:^^ 
strains examined also agree well with t^g 
sented by other authors. Polymyxin 
and gentamicin are routinely used 
ment of pseudomonas infections |^ 
agents are not effective against Ps. cem 
vitro. Precise identification of the |pj 
becomes important, especially J -as ' 
therapy may require prolonged or highp^ 
antimicrobial agents to effect cure .m 



Table 2. Sources of Pseudomonas cepacia field strains studied 



Source 



No. of 
strains 



Source 



No. of 
strains 



Blood 

Transfusion blood 
Respiratory tract 
(sputum, 11) 

(tracheal aspirate or secretion, 15) 

(pleural aspirate, 1) 
Respirator 
Wound swab 
Urine 



42 
2 
27 



21 
12 
21 



Catheter tip 

Ear swab 

Eye swab 

Anaesthetic 

Disinfectant 

Hospital environment 

Miscellaneous 

Unknown 



14 

2; 
• 2 

;3 • 

2r 

''3\ 
J l'3, 
8. 



Ident 

Table 



Test 



Acid from ASS 

glucose 

arabinose 

cellobiose 

fructose 

inositol 

mannitol 
Acid from 10% glucose 
Alkali production on 

Christensen's citrate 
Catalase production 
Growth at 37°C 
Oxidative in Hugh & 

Leifson oxidation- 
fermentation test 
Tween 20 hydrolysis 
Tween 80 hydrolysis 
Acid from ASS 

adonitol 

glycerol 

maltose 

sorbitol 

trehalose 

xylose 
Growth at room 

temperature 
Growth on MacConkey : 
Growth on 

hydroxybutyrate 
Growth on Simmons' 

citrate 
Opalescence on 

lecithovitellin agar 
Acid from ASS 

dulcitol 

lactose 
Tyrosine hydrolysis 
Casein digestion 
Acid from 10% lactose 
Cytochrome oxidase 

production 
Growth on cetrimide 
Poly 0-hydroxybutyrate 

inclusion granules 
Acid from ASS salicin 
Motility at room 

temperature 
Gelatin hydrolysis 

(plate method) 
Urease production 
Acid from ASS sucrose 
Lysine decarboxylase 
Gelatin hydrolysis 

(stab liquefaction) 
Ornithine decarboxylase 
Growth at 42°C 



its were carried out on each 
of strains examined in each 
Table 3. The method 0 f 
identification used i n the 
-scribed elsewhere (Willcox ei 
reference cultures were exam- 
, tests listed in Table 3. The 
or these tests have been 
sly (Holmes et ai 1975). The 
e incubated at 37°C except 
required by the specification 



Gram-negative rods generally 
igmented colonies on nutrient 
73 tested) were yellow pigment- 
lical test results are given in 



il characteristics of the field 
<acia (Table 3) agree very closely 
the reference cultures of the 
include the type strain) main- 
NCTC and with the original 
he species given by Burkholder 
:hat only 30% of the NCTC 
1 nitrate and 64% produced 
;hemical characteristics of all the 
d also agree well with those pre- 
r authors. Polymyxin B, colistin 
{ are routinely used in the treat- 
domonas infections but these 
effective against Ps. cepacia in 
lentification of the organism thus 
ortant, especially as effective 
squire prolonged or high doses of 
agents to effect cure. As with 





ains studied 



ource 



No. of 
strains 



tip 

> 

Jtic 
;ant 

: environment 

neous 

/n 



14 

2 
2 
3 

21 

3 

13 
8 
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Table 3. Biochemical characters of Pseudomonas cepacia 



Test 

l $cid from ASS 
^|glucose 
ffjarabinose 
>JJceilobiose 
f i fructose • 
f§j inositol 
^Imannitol 

|id from 10% glucose 
"Alkali production on 
•fe Christensen's citrate 
: Catalase production 
Growth at 37°C 
i {Oxidative in Hugh & 
Ip;' : Leifson oxidation- 
1111'.;- fermentation test 
f lSTween 20 hydrolysis 
\ ;„Tween 80 hydrolysis 
Acid from ASS 
J " adonitol 
^••"glycerol 
'maltose 
sorbitol 
; trehalose 

^.Growth at room 
■ temperature 

Growth on MacConkey agar 
Growth on fi- 

hydroxybutyrate 
Growth on Simmons' 

citrate 
Opalescence on 

lecithovitellin agar 
Acid from ASS 
. dulcitol 
^ffictose 

Tyrosine hydrolysis 
SpgifSSdigestion 
\cid from 10% lactose 
^PcSrome oxidase 
production 
IBwyon cetrimide 

/?-hydroxybutyrate 
Inclusion granules 
from ASS salicin 
Motility at room 
temperature 
elatin hydrolysis 
(plate method) 
j|f ease production 
icid from ASS sucrose 
ysine decarboxylase 
^e^|in, hydrolysis 
/ (stab liquefaction) 
Ornithine decarboxylase 
Growth' at 42°C 

" -W^l {continued) 




Results of 


Results of 


Percentage 




reference strains 


field strains 


positive 




(no. positive/ 


(no. positive/ 


of all 


Sign 


no. tested) 


no. tested) 


strains 


4/4 


151/151 


100 


+ 


4/4 


151/151 


100 


+ 


4/4 


153/153 


100 


+ 


4/4 


81/81 


100 




4/4 


128/128 


100 


+ 


4/4 


111/111 


100 


+ 


4/4 


73/73 


100 


+ 


4/4 


128/128 


100 


+ 


4/4 


167/167 


100 


+ 


4/4 


162/162 


100 


+ 


4/4 


162/162 


100 


+ 


4/4 


147/147 


100 


+ 


4/4 


114/114 


100 




4/4 


129/131 


■ 99 


+ 


4/4 


113/114 


99 




4/4 


153/155 


99 


+ 


4/4 


110/111 


99 


+ 


4/4 


146/147 


99 


+ 


4/4 


152/153 


99 


+ 


4/4 


162/163 


99 


+ 


4/4 


129/130 


99 


+ 


A I A 


150/151 


99 


+ 


A /A 


156/157 


99 


+ 


4/4 


79/80 


99 


+ 


A /A 


136/139 


98 


+ 


4/4 


110/113 


97 


+ 


4/4 


144/148 


97 


+ 


1 IA 
1/4 


80/80 


96 


+ 


4/4 


101/107 


95 


+ 


4/4 


158/166 


/95 


+ 


4/4 


97/110 


/ 89 


+ 


1 /4 
1/** 


130/145 


/ 88 


+ 


4/4 


96/111 


87 


+ 


4/4 


139/164 


85 


+ 


1/4 


122/163 


74 


d 


2/4 


91/142 


64 


d 


3/4 


67/112 


60 


d 


3/4 


90/168 


54 


d 


0/4 


57/118 


47 


d 


0/4 


64/148 


42 


d 


2/4 


49/122 


41 


d 
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Table 3 {continued) 







Results of 


Percentage 






reference strains 


llCiU b II all I a 


JJvJMU VC 


• -U 




(no. positive/ 


(no. positive/ 


nf nil 

Ol all 




Test 


no. lesieu; 




an aiiio 




0-D-Galactosidase 










production (ONPG test) 


3/4 


47/122 


40 




Acid from peptone-water- 








• M 


glucose 


1/4 


52/133 


39 




Aesculin hydrolysis 


4/4 


39/108 


38 


v S d» 


Motility at 37°C 


2/4 


59/161 


37 


.." • dJ 


Nitrate reduction 


1/4 


42/140 


30 




Acid from ASS raffinose 


4/4 


21/105 


23 




KCN tolerance 


0/4 


28/122 


22 




Malonate utilization 


0/4 


16/122 


13 


M 


Production of yellow / 








pigment / 


2/4 


11/169 


8 




Gluconate oxidation 


0/4 


6/122 


5 




Growth at 5°C / 


0/4 


6/121 


5 




Acid from ASS 










ethanol 


0/4 


1/150 


1 


'" ■ *i& 


rhamnose 


1/4 


0/110 


1 


: 'M 


Arginine dihydrolase 


0/4 


1/164 


1 




Pigment on tyrosine agar 


0/4 


2/149 


1 


.« -| 


Arginine desimidase 


0/4 


0/113 


0 




Deoxyribonuclease 




0/78 






production 


0/4 


0 




Fluorescence on King's 










B medium 


0/4 


0/109 


0 




Gas from peptone-water- 










glucose 


0/4 • 


0/132 


0 


■ ^ 


Hydrogen sulphide 










production (lead 




0/156 




acetate paper) 


0/4 


0 


. . >■ 


Hydrogen sulphide 










production (triple 




0/121 






sugar iron agar) 


0/4 


0 




Indole production 


0/4 


0/120 


0 




Nitrite reduction 


0/4 


0/126 


0 




Phenylalanine deamination 


0/4 


0/120 


0 




Reduction of 0-4% 










selenite 


0/4 


0/113 


0 


.'.V 


Starch hydrolysis 


0/4 


0/80 


0 




3-Ketolactose production 


0/4 


0/78 


0 





The reference strains were NCTC 10661, 10734, 10743 (type strain) and 10744. • > - 

+ , 85% or more of strains positive; d, 16-84% of strains positive; - , 15% or less ; of 
strains positive; ASS, ammonium salt sugar medium; room temperature, 18°-22°G 



other non-fermentative species, insufficient acid 
is produced in the control tube of the Mteller 
(1955) decarboxylase medium to turn the 
medium yellow. The unchanged appearance of 
the control tube can be mistaken for no growth 
of the strain under test and consequently the 
decarboxylase tests may be discarded. Decar- 
boxylation of lysine and of ornithine in some 
strains can thus be overlooked, but positive 
results are useful diagnostic characters as in 
clinical material the only other non-fermenter of 



clinical interest that decarboxylates lysinj^ 
maltophilia and the only other non-fermentg 
clinical interest that decarboxylases onnJjjg[ 
Alteromonas putrefaciens. :< 

Esanu & Schubert (1973) recogn^j 
biovars amongst their Ps. cepacia; straij 
Richard et al (1981) recognized eight. { 
(1970) (bund five serogroups and.Montejlj 
(1981) also found five; O and Hrserot|§| 
Ps. cepacia has been described by Heidjgj 
(1983). Govan & Harris (1985) have « 




Identifi 

bacteriocin typing of Ps. cepacia 

(1981) described mutants blocke 

of fructose, mannitol and sorbitol 

encing the growth of Ps. cepacia 

dons have been described by 

(1974). Nucleic acid similarity 

cepacia, Ps. mallei and Ps. pse 

been studied by Rogul et al. (IS 

Petersen (1975) reported the ph 

of Ps. cepacia cells following & 

light; their work suggests a pos 

contamination in u.v.-treated wat 

As well as occurring in so: 

waters (Morris et al. 1959; Tap) 

Ps, cepacia can also be found 

environment, especially water i 

faces (Bassett et al 1970; Gilard 

et al 1971) where it is able to 

disinfectants. Pseudomonas cep* 

found to be inhibited by 5 

chlorhexidine + 0-5% cetrimide) 

dilution, but large inocula survh 

even 1 in 30 (Bassett et al 1970). 

of 10 5 -10 7 cells/ml have been f. 

aqueous chlorhexidine alone (Sp* 

and as many as 10 3 cells/ml hav< 

commercial urinary catheter 1 

015% N-alkyl, dimethylbenz; 

chloride in water and phenoxyr. 

no! (Detergicide; Hardy et al 19' 

also failed to eradicate this < 

blood pressure monitoring appa 

contaminated heparinized saline 

been used (Phillips et al. 1971). N 

(1984) also noted infections resu 

laminated blood pressure mor 

atu s. The source of conta 

deionized water used to prepare 

^infecting the transducer cable 

c *Pacia has also been found to 

*n*alkonium chloride (Basseti 

Gilardi 1970) and to the organ< 

Native thimerosal (Decicco 

though isopropyl alcohol and 

arc effective (Burdon & Whitby 1 

J* 1 . 97 !; Nakhla & Haigh 1984 
P"smg that j nfections due tQ this 

°'kn been initiated by conta 
c ant or antiseptic solutions. Tl 
^ in Table 1 where it can be 
2^ NCTC field isolates oftl 
ovcr «l from disinfectants (Ta 
11as ce Pacia can also grow ir 
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^^p§iocin^ typing of Ps. cepacia. Allenza et al 
^^^fefscribed mutants blocked in utilization 
9H»se; mannitol and sorbitol. Factors influ- 

'grow* of Ps - ce P acia m su ^ ar solu_ 

iBfeve been described by Carson et al 
Nucleic acid similarities among Ps. 
cia, Ps- mallei and Ps. pseudomallei have 
^ffidied by Rogul et al (1970). Carson & 
lfll(!975) reported the photoreactivation 
f>5, cepacia cells following exposure to u.v. 
t; their work suggests a possible source of 
nination in u.v.-treated waters, 
well as occurring in soil and natural 
ers (Morris et al 1959; Taplin et al 1971), 
; cepacia can also be found in the hospital 
anment, especially water and moist sur- 
t , (Bassett et al 1970; Gilardi 1970; Phillips 
1971) where it is able to survive certain 
Sjfififectants. Pseudomonas cepacia has been 
^^d to be inhibited by Savlon (0-05% 
^^Sxidine + 0-5% cetrimide) at a 1 in 320 
dilution, but large inocula survived dilutions of 
even 1 in 30 (Bassett et al 1970). Concentrations 
10M0 7 cells/ml have been found in 0-02% 
ious chlorhexidine alone (Speller et al 1971) 
fs many as 10 3 cells/ml have been found in 
-^Bercial urinary catheter kits containing 
0*15% N-alkyl, dimethylbenzyl ammonium 
de^imwater and phenoxypolyethoxyetha- 
iefer^cide; Hardy et al 1970). Detergicide 
o failed to eradicate this organism from 
^^||^)ressure monitoring apparatus in which 
iiatted heparinized saline solutions had 
I (Phillips et al 1971). Nakhla & Haigh 
lllfy noted infections resulting from con- 
blood pressure monitoring appar- 
Ue source of contamination was 
water used to prepare Detergicide for 
ec'ting the transducer cables. Pseudomonas 
i has also been found to be resistant to 
rtkonium chloride (Bassett et al 1970; 
^^||t970) and to the organomercurial pre- 
servative thimerosal (Decicco et al 1982) 
* Kough isopropyl alcohol and glutaraldehyde 
five (Burdon & Whitby 1967; Phillips et 
71; Nakhla & Haigh 1984). It is not sur- 
tlat infections due to this organism have 
^^^Mitiated by contaminated disin- 
" or antiseptic solutions. This is well illus- 
Hfeable 1 where it can be seen that 21 of 
^EffeTC field isolates of this species were 
' from disinfectants (Table 2). Pseudo- 
cepacia can also grow in either doubly 





deionized or doubly distilled water as well as 
5% dextrose or 0-9% saline (Gelbart et al 1975, 
1976) but it does not grow in intravenous 
feeding solutions under the usual conditions. 
Contamination may be easily overlooked as tur- 
bidity is not visible (presumably because of the 
extremely small size of the cells under sub- 
optimal conditions) even when the organism is . 
grown in distilled water to a concentration of 
10 7 /ml (Carson et al 1973). Infections due to 
this organism can thus also be initiated by con- 
taminated distilled water or intravenous solu- 
tions (Table 1). 

Pseudomonas cepacia is more resistant than 
most other Gram-negative bacteria to the com- 
monly used antimicrobial agent benzalkonium 
chloride. It is also highly resistant to polymyxin 
B sulphate, another cationic agent that is effec- 
tive against most Gram-negative organisms. 
Both agents are thought to act primarily against 
the cytoplasmic membrane. However, although 
the work of Adair et al (1976) suggested the 
cytoplasmic membrane of Ps. cepacia to be 
resistant to polymyxin B (although not to benz- 
alkonium chloride), Manniello et al (1978) 
believed that resistance to polymyxin B prob- 
ably involved more than just a barrier effect. 
The study of Parmelee & Walker (1979), 
however, suggested that resistance to amino- 
glycosides (see below) was at the level of the 
cytoplasmic membrane. Survival for several 
years in benzalkonium chloride has been report- 
ed by Mathews et al (1975), Adair & Geftic 
(1976) and Geftic et al (1979). The authors of 
the two latter publications concluded that phar- 
maceutical solutions containing benzalkonium 
chloride as an antimicrobial preservative/should 
be formulated without extraneous carbon and 
nitrogen sources or be preserved with additional 
antimicrobial agents. Other authors have 
pointed out (Frank & Schaffner 1976) that in 
view of the many outbreaks of infection associ- 
ated with contaminated benzalkonium chloride 
(Table 1) that such solutions should no longer 
be used in hospitals. Resistance of Ps. cepacia to 
benzalkonium chloride, as well as to polymyxin 
B sulphate and chlorhexidine gluconate, has 
been studied by Richards & Richards (1979). 
Electron microscopy of the effect of these three 
agents on the cytoplasmic membrane has been 
performed by Richards & Cavill (1980). Bassett 
(1971) reported that while Ps. cepacia can 
survive in Savlon (chlorhexidine gluconate and 
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cetrimide) diluted with distilled water it cannot 
do so when hard tap water is used as the 
diluent; pH thus has an important influence on 
the effectiveness of such solutions. Borovian 
(1983) encountered Ps. cepacia in a stored 
product and found the organism to survive and 
grow in the formulation even though the pH 
was less than 3-2. She also found that the strain 
was able to acquire resistance to two unrelated 
preservative systems. Adherence of the bacterial 
cells to glass surfaces appears to afford some 
protection from chlorhexidine (Pallent et al 
1981; Hugo et al 1986). 

Pseudomonas cepacia may be recovered com- 
monly from blood (Tables 1 and 2). Septicaemia 
with endocarditis can occur (Table 1) and in the 
two earliest' reports (Sorrell & White 1953; 
SchifT et al. 1961) the patients died; in the 
former case, infection may have originated from 
the urinary tract. There have been several 
reports of the isolation of Ps. cepacia from 
blood following cardiac surgery (Pedersen et al 
1970; Phillips et al 1971; Speller et al 1971; 
McKinley & McCroan 1974; Weinstein et al 
1976). The patients usually recovered sponta- 
neously or with antimicrobial therapy if con- 
tamination of the blood pressure monitor or of 
the intravenous catheter had been the cause of 
the septicaemia. Two of the NCTC field strains 
from blood are also known to have been reco- 
vered from patients following heart surgery. 
Endocarditis due to Ps. cepacia has been report- 
ed in narcotic addicts; one case involved a pre- 
viously implanted Starr-Edwards mitral 
prosthetic valve and the other a previously 
normal aortic valve in a patient with sickle cell 
anaemia; both cases proved fatal (Seligman et 
al 1971). The organism has also caused cervical 
osteomyelitis in an intravenous drug abuser 
(Smith et al 1985). A case of Ps. cepacia endo- 
carditis with ecthyma gangrenosum in a heroin 
addict was described by Mandell et al (1977). 
Pseudomonas cepacia septicaemia has also been 
described as the cause of death in two burn 
patients (Yabuuchi et al 1970; Brauner et al 
1985), the several antimicrobial agents adminis- 
tered proved ineffective against the organism in 
one of the cases (Yabuuchi et al 1970). Two 
patients who died from bacteraemia both had 
severe underlying disease (Sobel et al 1982); the 
use of contaminated chlorhexidine was again 
the vehicle of infection in these two (and several 
other) patients. 



Pseudomonas cepacia is less frequenting;^ 
ated with wounds (Tables 1 and 2) ^f8§uBI 
reports include nine cases of post^ppei;" ^ 
wound infection caused by local appli cfti^^ y 
contaminated disinfectant solutionfwSap^ 
Bassett et al 1970). Taplin et al (W M^Sm 
Ps. cepacia from the toewebs of -43/|jws^' 
army ranger trainees after swamp - training 
northern Florida. Within the context oS ^fe 
jungle rot or swamp rot diseases^ thejra^" 
maintained that there is a clinical eritity la^:; 
ated with Ps. cepacia, involving the>toey^^ r 
occasionally the plantar surface ofihe|^^^| 
is characterized by hyperkeratosis^niajceg^K 
and sometimes induration, inflamma^^?x- 
Assuring. Septic arthritis has arisen^folk: ^ 
intraarticular injection of contaminafe'dgffit^l 
prednisolone (Kothari et al 1977).c < || 

Pseudomonas cepacia is coinmonly associ 
with urinary tract infections (Tables 
although in instances where these have becnTdiF 
to contaminated catheter irrigationVflui^ffiE^ 
tions rarely produced symptoms (HarHfcg! 
1970; Speller et al 1971) and in many J^dgg 
with positive urine cultures the urine %pam| 
sterile spontaneously after catheter remova||jnj 
patients with symptoms, however, a PP r0 P*|||| 
antimicrobial therapy did not always/eradl^^ 
the organism from the urine (Mitchel!i|p 
Hayward 1966; Roberts & Speller 1973). Con- 
taminated urological instruments have been t^ 
vehicle of infection in other hospital outbreak| 
(Dixon 1972; Anon. 1974). Ederer &-Matsg 
(1972) noted that in 37 of 41 patients ; frjjJ| 
whom Ps. cepacia was isolated, prior instru^eBi 
tation or a manipulative procedure at tn 5' sl ^j 
recovery of the organism strongly sug^es, 
that most were nosocomial infections. \x ^ 
Strains of Ps. cepacia are also recover^ froi^ 
the respiratory tract or associated equipmg 
(Tables 1 and 2) (Gelbart et al 1975; IMP 
Blessing et al 1979) but true infection is rjj^ 
One case of true infection was that of :*J|| 
who developed necrotizing pneumonia 
cleaning air conditioners for 3 weeks 0?* 
Benner 1968). Bronchial washings andljj 
tissue cultures grew Ps. cepacia. TherapyH 1 
effective with high doses of chloramphenj 
(12 g daily). Pneumonitis due to J^^fijj 
recurred in this patient and he was' ;W^jL 
suffer a phagocyte dysfunction (Denney : «j|L 
1975); temperature returned to norm'al 
36 h of commencing treatment, again with ciy 
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ilplgcol 12 g daily. The phagocyte dys- 
^P^as indistinguishable from that found 
ic;;granulomatous disease of childhood 
the association of Ps. cepacia with the latter 
|Bg^Viias been noted by Bottone et al 
described tnree such cases. Prol- 
fepphylactic and antimicrobial therapy 
^fhave played a significant role in the 
^^mzatipn and infection of these patients. 
'ier cases of pneumonia in children with 
|i||chronic granulomatous disease have 
described (Sieber & Fulginiti 1976; 
_nidt et al 1981; Styrt & Klempner 1984; 
legg et ah 1986). Another case was reported by 
:tein et al (1973) of pneumonia in a young 
blowing cardiac surgery; the patient did 
sshqwjsa therapeutic response until his daily 
^^^©phienicol dose was increased to 3 g 
^Stgpg). A diabetic patient with pneumonia 
a lung abscess after therapy with 
uitSsonic .nebulization (the reservoir of the 
,^^mi^r^ proved to be contaminated with Ps. 
'SSS^^oe et al 1977)), despite treatment with 
chloramphenicol for an extended period, the 
grant died. Another case of cystic fibrosis (CF) 
j^HM^ed by Ps. cepacia pneumonia and sep- 
f^^g|ifewas described by Rosenstein & Hall 
j^^^MTact, recent years have seen increasing 
reports of Ps. cepacia isolation from cystic fibro- 
j^Mfi^(Table 1). An isolation medium for 
^recovery of this organism from the respir- 
l||fepSecretions of such patients has indeed 
f^^||||dbped (Gilligan et al 1985; a selective 
li^K^^r' recover y of the organism from 
%|tC^ lutic t ns and loti ons has been described 
'■ :t |^pi|. Thompson 1984). Gilligan & Schid- 
*"'•) reported the organism from respir- 
:t cultures of approximately 20% of 
patients. They found that recovery of 
"Magpeared to be associated with dete- 
bf the clinical status of some patients, 
the 'patients harboured the organism 
i me periods (for 6 years in one patient 

"^^l^ramatic change in his disease) but 
f »%med,to show a progressive and rather 
J|tferi6ration in their clinical condition. 
J! tft e individuals had rather severe lung 
^ th $ time of colonization and once 
lionized i^is almost impossible to eradicate 
nismo (Gilligan & Schidlow 1984). 
igs were reported by Isles et al. 
al (1985) and by Thomassen et 
M^^^^sudpmonas cepacia strains from CF 
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patients appear to be particularly virulent 
(Montie et al 1985) and this is possibly associ- 
ated with the ability of such strains to produce 
pyochelin (Sokol 1986). 

The distribution by source of the strains sub- 
mitted to the NCTC for identification (Table 2) 
reflects their incidence in clinical specimens 
(Table 1). Unfortunately, few clinical details 
were received with the strains so the literature 
has to be relied upon for assessing the clinical 
significance of the organism. However, three of 
the NCTC strains may have been clinically sig- 
nificant. One strain was isolated on three 
separate occasions from a thoracic wound fol- 
lowing surgery to correct a ventricular septal 
defect. Another strain was isolated from an 
intravenous catheter tip and from subsequent 
blood culture of a 23-year-old man with clinical 
septicaemia following pulmonary embolus and 
pneumonia. He had been admitted as a road 
traffic accident casualty with a wedge fracture of 
the third lumbar vertebra and lacerations to the 
legs. Pseudomonas cepacia was not isolated from 
wound swabs, sputum or urine or from aqueous 
chlorhexidine plus cetrimide used to disinfect 
wound tissue. The third strain was isolated in 
pure culture from an infected dog bite wound. 
In general, Ps. cepacia has a low order of patho- 
genicity. In the outbreak of infection caused by 
contaminated anaesthetics described by SchaftV 
ner et al (1973) clinical disease did not develop 
in any patient despite the introduction of large 
inocula, in several cases more than 10 ml of 
anaesthetic containing lOMO 10 bacteria/ml. 
Similarly, Leyden et al (1980) reported, that an 
inoculum in excess of 10 5 cells is required to 
produce cutaneous damage even on scarified 
skin. It can be seen that Ps. cepacia poses a 
serious threat to the patient in /relatively few 
situations despite the fact that few antimicrobial 
agents are regularly effective. 

Strains of Ps. cepacia are generally resistant 
to ampicillin, carbenicillin, cephalothin, colistin, 
gentamicin, kanamycin, neomycin, polymyxin B, 
streptomycin and tetracycline (Moody et al 
1972; Matsen 1975). In particular, resistance to 
amikacin, gentamicin and tobramycin has been 
studied by Moellering et al (1977). Distinct 
resistance patterns have been observed amongst 
isolates of the species (Moody et al 1972). Chlo- 
ramphenicol has been used in systemic treat- 
ment (Dailey & Benner 1968; Hardy et al 1970) 
and the combination of trimethoprim with 
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sulphamethoxazole has been found synergistic 
(Seligman et ai 1971; Taplin et ai 1971; Nord 
et ai 1974) and certainly effective (Moody & 
Young 1975). The sensitivity of strains to readily 
maintained levels of trimethoprim and sul- 
phamethoxazole indicates this as the treatment 
of choice in many cases. The use of this com- 
bination for the treatment of Ps. cepacia endo- 
carditis has been, described by Neu et al. 
(1973) and Seligman et ai (1971, 1973). In the 
endocarditis case described by Hamilton et 
ai (1973) the combination trimethoprim- 
sulphamethoxazole proved successful after 
failure with earlier chloramphenicol treatment. 
Other authors' have obtained successful treat- 
ment using/ this combination together with 
other antimicrobial agents — polymyxin B (Rahal 
et al 1973; Noriega et al 1975) and kanamycin 
(Speller 1973). The former authors (Rahal et 
ai 1973) also experienced treatment failure 
with chloramphenicol. The combination 
trimethoprim^sulphamethoxazole has also 
proved successful in the treatment of wound 
infections (Bassett et ai 1970), septicaemia 
(Phillips et ai 1971) and meningitis (Darby 
1976). Apparently only one report has been 
made of susceptibility of some strains to the 
polymyxins (Moody et ai 1972), other authors 
report resistance in all strains tested, except 
when used in combination with trimethoprim- 
sulphamethoxazole (Rahal et ai 1973; Noriega 
et ai 1975). In fact, Feeley et ai (1975) reported 
that when an aerosol of polymyxin B was 
administered to the upper airways of 292 
patients in a respiratory-surgical intensive care 
unit, with the intention of preventing pneumon- 
ia due to Ps. aeruginosa, eight patients became 
colonized by Ps. cepacia and pneumonia devel- 
oped in two others. Successful treatment of 
septic arthritis (resulting from contaminated 
methylprednisolone) with gentamicin has been 
reported by Kothari et ai (1977). Although cef- 
tazidime, a new aminothiazole cephalosporin, is 
very active in vitro against Ps. cepacia (Gold et 
ai 1983; Santos Ferreira et ai 1985; Klinger & 
Thomassen 1985) it has not proved effective in 
the treatment of severe respiratory infections, 
due to this organism, in CF patients (Gold et ai 
1983). Other newer antimicrobial agents, such 
as the /Mactams apalcillin, N-formimidoyl- 
thienamycin, piperacillin, cefotaxime and azlo- 
cillin (Santos Ferreira et ai 1985) and 
ciprofloxacin (Klinger & Aronoff 1985) are also 
active against Ps. cepacia in vitro as is amikacin 



combined with aztreonam, piperaewS 
cillin (Aronoff & Klinger 1984) ^^^9 
effectiveness of all these in treat mgnqSjt 
patient is as yet unknown. PseudonW^ > 
can even use penicillin G as :,thej^BH~ 
carbon and energy (Beckman &' B cBeTOiii 

Pseudomonas cepacia is not frjSro a 
mice and guinea pigs unless very laS&5 
administered (Sorrell & White il9 ^k^mnrm 
1961 ; Jonsson 1970). Stover et at ( jMMMi 
in a burned mouse model, that^^ ^S88i 
persist in a burn wound forai^ l^slfc^i 
they suggested that this may prc™^p|j 
for the study of persistent >col 6mzaUmT 
infection in a compromised hbs ftfflBy 
(1983) found that Ps. cepctcia^jmm 
10661, when grown under different 
nutrient depletions in batch cu lt^l 
varying degrees of susceptibility to lene 
and killing by human polvmorph oriucle 
oocytes and to killing by human se 
was also an increase in resistancecj^^HmS 
whole blood with decrease in temper lffiKpfll 
cases whole blood was 6-10 times mbre^fa s: 
than serum alone in killing the bacteri' alfSl 
37°C 

I am extremely grateful to the staff of th^^Bf 
Computer Identification Laboratory 
assistance. 
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A staphylococcal strain which exhibited weak lytic reaction with group II 
phages was isolated from a newborn infant with a skin infection. Subsequent 
investigations established that this weakly reacting strain was responsible for an 
endemic level of infection and colonization within the hospital nursery. The use 
of consistently appearing weak lytic reactions in the evaluation of this episode is 
described. 



Staphylococcus disease in hospital nurseries 
is a continuing concern to those responsible for 
infection control. The approach used in moni- 
toring such infections includes mandatory cul- 
ture of all infections, e.g., wounds, rash, pustules, 
etc., and routine culture of the cord and external 
nares. Staphylococcus aureus strains recovered 



ically in a nursery and recovered sporadically 
from a series of infections and colonizations of 
newborn infants. The nursery had 31 operating 
bassinets with an average of 71 admissions per 
month during the period of study. This report 
briefly describes the clinical-epidemiological and 
laboratory features of this episode. 



Table 1. Occurrence and phage type of group II S. aureus strains among newborn infants, U.S. Air Force 
Medical Center, Keesler Air Force Base, Miss. (January to August 1978) 



Phage type 

Patient Specimen source Culture date 

RTD 100 x RTD 



A 


Pustular rash 


9 February 


NT" 


3AV3C + 


B 


Blood 


23 March 


NT 


3C* 




Skin lesions 


27 March 


NT 


3C* 


C 


Nasal (colonization) 


3 April 


NT 


3C ± 




Bullous lesions 


3 April 


NT 


3C* 


D 


Skin lesions 


19 April 


NT 


3CV55* 


E 


Bullous lesions 


28 April 


NT 


3CV55 + 




Bullous lesions 


19 April 


NT 


3C + 


F 


Chest tube drainage 


5 May 


NT 


3C + + 




(colonization) 








G 


Nasal (colonization) 


23 June 


NT 


3C + 


H 


Cord (colonization) 


28 June 


NT 


3C + 


I 


Nasal (colonization) 


28 June 


NT 


3C* 




Bullous lesions 


28 June 


NT 


3C + 


J 


Eye drainage 


12 July 


NT 


3C* 


K 


Nasal lesions 


9 August 


3A* 


3AV3CT* 



" NT, Nontypable 



from such infections are usually tested for anti- 
microbial susceptibility and are often phage 
typed as part of a surveillance program. At a 
large Air Force medical center, we encountered 
an unusual situation in which a "weakly typing" 
group II S. aureus strain was maintained endem- 

t Present address: Department of Biology, Alabama A and 
M University, Normal, AL 35762. 



As a part of the hospital infection control 
program at the U.S. Air Force Medical Center, 
Keesler Air Force Base, Miss., S. aureus isolates 
recovered from hospitalized patients with infec- 
tions are periodically forwarded to the U.S. Air 
Force School of Aerospace Medicine's Epide- 
miology Division laboratory for phage typing. In 
early February, 1978, a female infant was seen 
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at the Pediatric Clinic with a pustular rash over 
the lower abdomen and inner right thigh. Bac- 
teriological examination of the pustular exudate 
was positive for S. aureus. The infant was 
treated with oral dicloxacillin with good clinical 
response. This infant had had an uncomplicated 
nursery stay (22 to 28 January) without appar- 
ent cord colonization with S. aureus. Phage typ- 
ing of the isolate — with the currently accepted 
international set of typing phages 3A, 3C, 6, 29, 
42E, 47, 52, 52A, 53, 54, 55, 71, 75, 77, 79, 80, 81, 
83A, 84, 85, 94, 95, and 96 at routine test dilution 
(RTD) and 100X RTD (2)— showed no lytic 
reaction at RTD, and only a weak 3A ± /3C + lytic 
reaction at 100X RTD. A review of phage typing 
results of S. aureus isolates cultured from new- 
borns during January and February did not in- 
dicate any similar phage group II patterns. 

The occurrence of this weakly reactive group 
II phage type was not documented again until 
27 March, when an infant, born by repeat cae- 
sarean section on 23 March, developed erythem- 
atous, crusted lesions on the thigh. 5. aureus 
was recovered from these lesions and blood cul- 
tures taken shortly after delivery; both isolates 
were characterized by weak lytic reactions with 
typing phage 3C. During the period February to 
August, a total of eight infants, including the 
index case, developed infections (seven involving 
skin lesions and one involving eye infection) 
attributable to the group II phage type, whereas 
three infants were colonized but not infected 
(Table 1). Four of these infections and one ap- 
parent colonization without infection were clus- 
tered during an 8-week period, between 23 
March and 15 May, with no more than 1 week 
separating infections. Infected infants often had 
overlapping nursery stays which would account, 
in part, for the maintenance and endemicity of 
the group II strain. It is not unlikely that one or 
more medical staff personnel may have been 
colonized with this strain and served as a reser- 
voir for dissemination as well. 

The observation that group II staphylococci 
are frequently associated with skin infections in 
infants has been well documented (1, 3, 4). The 
clinical severity of these infections can range 
from a localized bullous impetigo to a more 
widespread involvement with or without exfol- 
iation. The value of weak typing reactions in 
evaluating strains which exhibit apparently dis- 
similar strong reactions has been described (2). 
The strains encountered at the Keesler Medical 
Center were unusual, in that, with one exception, 
strongly reacting group II strains were never 
associated with endemic infection or coloniza- 
tion during this period. However, the group II 
strains recovered consistently produced weak 



(± to +) reactions when tested at 100X RTD. It 
should be noted that propagating strain controls 
were included with each series of strains for 
phage typing to determine whether the RTD 
was satisfactory for use. Additionally, phage 
stocks used for the preparation of test dilutions 
(RTD) were as received from the Center for 
Disease Control, Atlanta, Ga., and had not been 
further propagated in our laboratory. A review 
of phage typing reactions of strains submitted 
from more than 35 Air Force hospitals in the 
United States indicated that the strain had been 
encountered only occasionally. Fortunately, dur- 
ing the episode reported here, infections were 
localized for the most part, and all infants re- 
sponded readily to treatment with intravenous 

Table 2. Occurrence of other S. aureus phage types 
among newborn infants, U.S. Air Force Medical 
Center, Keesler Air Force Base, Miss. (January to 
August 1978) 



r atiem 


Specimen 
source 


Culture 
date 


Phage type 


RTD 


100 x RTD 


1 


Nose 


3 January 


6/47/54/75 




o 

L 


ixose 


id January 


NT 


6/42E/47/. 










53/54/75 


3 


Eye drain- 


16 January 


29/52/52A/ 






age 




80/55/71 




3 


Cord 


16 January 


29/52/80/ 










55/71 




4 


Cord 


16 January 


NT 


NT 


5 


Nose 


23 January 


96 




6 


Nose 


23 January 


54/75 




7 


Nose 


23 January 


54/75 




8 


Nose 


23 January 


47/54/75 




9 


Nose 


30 January 


96 




10 


Nose 


30 January 


NT 


NT 


11 


Nose 


23 March 


NT 


NT 


12 


Nose 


3 April 


6/47/75/83A 




13 


Nose 


10 April 


94/96 




14 


Nose 


10 April 


NT 


NT 


15 


Unknown 


10 April 


NT 


55 


16 


Unknown 


10 April 


95 




17 


Cord 


24 April 


NT 


NT 


IS 


Cord 


24 April 


NT 


NT 


18 


Nose 


24 April 


NT 


NT 


19 


Wound 


24 April 


95 






drainage 








20 


Cord 


24 April 


6/47/75/83A 




21 


Nose 


11 May 


NT 


NT 


22 


Nose 


22 May 


96 




23 


Nose 


22 May 


96 




24 


Nose 


6 June 


NT 


NT 


25 


Nose 


18 July 


NT 


NT 


26 


Nose 


31 July 


NT 


NT 


27 


Wound 


31 July 


47/54/85 




28 


Nose 


31 July 


NT 


NT 


29 


Nose 


17 August 


47/54/75 




30 


Unknown 


17 August 


47/54/75 




31 


Nose 


28 August 


NT 


NT 


32 


Nose 


28 August 


NT 


NT 


33 


Unknown 


28 August 


NT 


NT 


34 


Nose 


28 August 


47/54/75 





■ NT, Nontypable. 
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methicillin, usually followed by a 10-day regimen 
of oral dicloxacillin. No deaths were recorded. 
Although no new control measures were insti- 
tuted during the period of these infections, in- 
creased bacteriological monitoring of S. aureus 
colonization among newborn infants was fol- 
lowed, and hand washing by personnel between 
each infant contact was reinforced. Other S. 
aureus phage types, isolated from newborn in- 
fants, were not related to the group II strains 
(Table 2). There was no unusual increase in the 
S. aureus colonization rate throughout this time. 

This experience emphasizes the importance 
that S. aureus infections in the newborn nursery 
should be monitored, with special emphasis 
placed on group II strains such as the one de- 



scribed. The laboratory should make available 
comprehensive phage typing results recording 
strong and weak lytic reactions for all strains 
found nontypable at RTD. 
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34 Determination of susceptibility 
of bacteria to antimicrobial agents 



According to Isenberg, 12 the value of 
the clinical laboratory can be measured 
only by the significance of the guidance it 
gives the practicing physician in the treat- 
ment of his patients. In no other area of 
clinical microbiology does this statement 
become more pertinent than in the testing 
of clinical isolates for their susceptibility to 
antimicrobial agents. With the increasing 
number of these agents at the physician's 
disposal and the changing pattern of resis- 
tance and susceptibility among bacteria — 
particularly the gram-negative enteric ba- 
cilli — the clinician must rely more and 
more upon sensitivity testing to guide his 
selection of appropriate drugs or alter an 
already imposed regimen. Therefore, to a 
large extent, a laboratory report showing 
susceptibility or resistance to a particular 
antimicrobial agent becomes an endorse- 
ment of its usefulness or withdrawal. 

Since the microbiologist must become 
an adviser to the physician regarding 
proper antimicrobial therapy, it follows, 
therefore, that he must maintain (1) a 
high level of accuracy in his testing proce- 
dures, (2) a high degree of reproducibility 
for the results, and (3) a good correlation 
of his results with the clinical response. 12 
Only through close cooperation and ex- 
change of information between the labo- 
ratory staff and the clinician can the best 
possible management of an infectious 
process be achieved. 

The principal methods presently used 



by the laboratory to determine suscepti- 
bility of a microorganism to an antibiotic 
include the dilution tests, such as the 
broth tube and agar plate dilution proce- 
dures, and the agar diffusion test, utilizing 
antibiotic -impregnated discs. Each method 
has its advantages and its limitations, and 
these must be understood and appreciated 
in order to obtain maximum usefulness of 
the results. Since there is a place for all 
of these methods in the clinical laborato- 
ry, the procedures and directions for the 
use of each will be described in detail. 

In the interpretation of any in vitro sus- 
ceptibility tests, it is well to remember that 
they are essentially artificial measure- 
ments; the data yielded by them give only 
the approximate range of effective inhibi- 
tory action against the microorganisms. 
The only absolute criterion of microbial 
response to antibiotics is the clinical re- 
sponse of the patient when adequate dos- 
age of the appropriate antibiotic is admin- 
istered. 

BROTH TUBE DILUTION METHOD FOR 
DETERMINING SUSCEPTIBILITY TO 
ANTIBIOTICS 

In the broth tube dilution method for 
determining the susceptibility of an organ- 
ism to antibiotics, specific amounts of the 
antibiotic, prepared in decreasing concen- 
tration in broth by the serial dilution tech- 
nique, are inoculated with a culture of the 
bacterium to be tested. The susceptibility 
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of the organisms is determined, after a 
suitable period of incubation, by micro- 
scopic observation of the presence or ab- 
sence of growth in the varying concentra- 
tions of the antimicrobial agent. This bac- 
teriostatic end-point value is known as 
the minimal inhibitory concentration 
(MIC). With minor additions, the tech- 
nique can be adapted to the determination 
of bactericidal levels of the antibiotic — the 
minimal bactericidal concentration (MBC) ; 
this is discussed at length in a further 
section. 

A number of factors must be considered 
in establishing the procedures and in eval- 
uating the results of these tests. 8 They in- 
clude the following: (1) the medium in 
which the tests are performed, (2) the sta- 
bility of the antibiotic, (3) the size of the 
inoculum, (4) the rate of growth of the or- 
ganism, and (5) the period of incubation 
of the tests. Any variation in one or more 
of these factors may influence the tests, 
and the results obtained by one procedure 
may not agree with those arrived at by a 
slightly different method. 5 However, if a 
standard procedure using only pure cul- 
tures is adopted and strictly adhered to, 
reproducible results can usually be ob- 
tained and the reports from a given labo- 
ratory can be readily interpreted by the 
clinical staff. 

The test tube serial dilution method 
gives a fairly accurate determination of 
susceptibility to measured amounts (either 
units or micrograms) of the antibiotic. It 
is a time-consuming and expensive proce- 
dure, however, especially when the clini- 
cian wants to know the susceptibility of an 
organism to a number of antibiotics. For 
this reason its use may well be restricted 
to special cases when quantitative results 
may be of value. In any event, it is strong- 
ly recommended that all clinical labora- 
tories should be prepared to offer this ser- 
vice to the clinician, either directly or 
through a referral laboratory. 

The serial dilution method may be rec- 
ommended for determining the suscepti- 
bility of organisms isolated in the follow- 
ing instances: (1) from blood cultures, (2) 



from patients* who fail to respond to ap- 
parently adequate therapy, and (3) from 
patients who relapse while undergoing 
such therapy. The study of organisms 
from the third instance usually involves 
determination of any increase in resis- 
tance of subsequent isolations and re- 
quires special methods. 

Routine procedure for serial dilution tests 

Preparation of stock solution of antibiotics 
Stock solutions of antibiotics are 
prepared from concentrated, dehydrated 
sterile material of known potency that 
may be obtained from the^pharmaceutical 
manufacturer. Generally, they are 
prepared in concentrations of 1,000 ug.l 
ml., using phosphate buffer or Mueller- 
Hinton broth as the diluent and are tubed 
in 1-ml. amounts in screw-capped vials. 

When stored in the frozen state at -20° 
C, these antibiotics will remain stable for 
at least 8 weeks*; when refrigerated at 
5° C, they show no appreciable loss of po- 
tency in 1 week. Any unused thawed solu- 
tions of antibiotics should be discarded; 
each aliquot should be sufficient for 1 
day's use only and should not be refrozen. 

Table 34-1 is provided as a guide to the 
preparation of stock solutions of the most 
frequently used antimicrobial agents. 

Selection of media 

The fluid media in which the tube dilu- 
tion sensitivity tests are carried out must 
be the kind that will support optimal, 
rapid growth of the test organism in pure 
culture. A broth medium that will support 
the growth of pneumococci and strepto- 
cocci without the addition of serum or 
blood is preferable, since the addition of 
such enrichment adds another variable to 
the test and may influence the results. 
Trypticase soy broth, or preferably 
Mueller-Hinton brotht is recommended 
for sensitivity tests with the following ex- 

*Ampicillin requires storage at -60° to -70° C to pre- 
vent loss of potency. 

tThis medium appears to be low in tetracycline and 
sulfonamide inhibitors and shows good batch-to- 
batch consistency. 
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Table 34-1. Procedures for preparing stock solutions* 

ANTIBIOTIC MANUFACTURER 



METHOD OF PREPARATION 



Ampicillin 



Penicillin G 



Methicillin 



Oxacillin 
Cephalothin 



Cephaloridine 
Carbenicillin 
Tetracycline 
Chloramphenicol 

Erythromycin 

Lincomycin 
Clindamycin 

Kanamycin 

Gentamicin 

Polymyxin B 

Colistin 

(polymyxin E) 

Bacitracin 

Nitrofurantoin 



Bristol-Myers Co. 



Eli Lilly & Co. 



Bristol-Myers Co. 



Bristol-Myers Co. 
Eli Lilly & Co. 



Eli Lilly & Co. 

Beecham-Massengiil 

Pharmaceuticals 
Pfizer Lab. 

Parke, Davis & Co. 



Abbott Laboratories 

The Upjohn Co. 
The Upjohn Co. 

Bristol-Myers Co. 

Schering Corp. 

Burroughs Wellcome & Co. 
Warner- Chilcott Lab. 

The Upjohn Co. 
Eaton Labs., Inc. 



Nalidixic acid Winthrop Labs. 



Weigh out material and multiply by ''activity standard" 
provided by manufacturer, t Add 0.1 ml. of pH 8.0 
phosphate buffer to dissolve; dilute with pH 6.0 
phosphate buffer. 

Add 60 ml. of water to a vial containing 1 million units 
or 600,000 jug.; this makes a stock solution of 10,000 
/ug./ml. 

Weigh out material and multiply by "activity standard" 
from manufacturer j; dilute with pH 6.0 phosphate 
buffer. 

Add 16 ml. of water to a vial to give 1,000 ^tg./ml. 

Weigh out material and multiply by the "activity stan- 
dard," from the manufacturer!; dilute with pH 6.0 
phosphate buffer. 

Weigh out exactly 30 mg., add 30 ml. of pH 6.0 phos- 
phate buffer to give 1,000 /*g./ml. 

Add 10 ml. of water to a vial containing 1 gm. of drug, 
then dilute 1:100 to give 1,000 Mg/ml. 

Add 20 ml. of water to a vial that contains 20 mg. of 
drug, to give 1,000 /ig./ml. 

Weigh out exactly 50 mg., add 1 ml. of ethyl alcohol to 
dissolve drug and sufficient water to 50 ml. This gives 
a concentration of 1,000 /xg./ml. 

Weigh out material and multiply by the "activity stan- 
dard" from the manufacturer.! Dissolve in 1-2 ml. 
alcohol and add water to a final concentration of 
1,000 /ig./ml. 

Add 20 ml. water to a vial to make 1,000 /xg/ml. 

Add 15 ml. of water to vial containing 150 mg. of drug, 
dilute 1:10 to give 1,000 /ig./ml. 

Weigh out exactly 30 mg., add 30 ml. water to give 
1,000 /xg./ml. Agent is unstable in acid range. 

Weigh out material and multiply by "activity standard" 
from manufacturer,! dilute with water to give 1,000 
1,000 jLtg /nxl. 

Add 5 ml. water to a vial containing 50 /u.g., to give 

10,000 /ug./ml.; dilute to desired concentration. 
Weigh out material and multiply by "activity standard" 

from manufacturer, t dilute with, water to desired 

concentration. 
Add 10 ml. of water to a vial containing 10,000 units, 

to give 1,000 units/ml. 
Weigh out 120 mg. of drug and transfer to a 50-ml. 

flask containing 4.0 ml. of dimethyl formamide. Heat 

in 56° C. water bath with shaking to dissolve. This 

solution contains 30 mg./ml. 
Weigh out approx. 30 mg., add 2 ml. of 1 N NaOH and 

allow to stand to dissolve (may require gentle heat). 

Dilute with sterile water (less 2 ml.) to desired 

concentration. 



*Courtesy of John A. Washington II, Head, Section of Clinical Microbiology, Mayo Clinic. 

+ Example: 1 mg. - 825 /utg- ("activity standard "//xg.). 50 mg. = 50 x 825 = 41,250 /xg. Therefore, add 41.2 ml. of diluent to 
give 1,000 /ig./ml. 
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ceptions : microaerophilic streptococci, 
which are frequently isolated from cases 
of subacute bacterial endocarditis, strictly 
anaerobic streptocci, Bacteroides species, 
and Clostridia should be tested in fluid 
thioglycollate medium enriched with 
hemin and vitamin K.; some strains may 
require additional enrichments to support 
good growth. In the case of all fastidious 
organisms the growth requirements 
should be determined before sensitivity 
tests are carried out, in order that the fluid 
medium supporting the most luxuriant 
and rapid growth may be selected for the 
procedure. Hemoglobinophilic organisms, 
such as Haemophilus species, must neces- 
sarily be tested in Mueller-Hinton broth 
containing 1% rabbit blood. The blood 
may be added to the broth before it is dis- 
tributed into the test tubes, or it may be 
added with the inoculum. 

Procedure for preparing serial dilutions 
and determining susceptibility 

1. Thaw the frozen stock solution of the 
antibiotic(s) required and dilute 1:5 
with sterile Mueller-Hinton broth. 
This gives a working solution con- 
taining 200 Ag. or units each. For ba- 
citracin a concentration of 100 units 
per ml. may be used. 

2. Select 10 clear, sterile, cotton- 



plugged or capped test tubes of small 
size (13 x 100 mm.) and mark from 
1 to 10. 

3. Using aseptic technique, pipette 0.5 
ml. of dilution broth into tubes 2 
through 10. Do this for each antibiot- 
ic to be tested. 

4. Add 0.5 ml. of the working solution 
(200 Mg./ml.) of the antibiotic into 
tubes 1 and 2. Mix contents of the 
second tube well and transfer 0.5 ml. 
to tube 3. Mix well and transfer 0.5 
ml. to tube 4, continuing this proce- 
dure to tube 9. Discard 0.5 ml. from 
tube 9; the tenth tube receives no an- 
tibiotic and serves as the control. Use 
a separate pipet for each transfer to 
avoid any carry-over. 

5. To all tubes add 0.5 ml. of an inocu- 
lum containing approximately 10 s to 
10 6 organisms per milliliter. This 
may may be prepared in most in- 
stances by making a 1:1,000 dilution 
in broth of an overnight (6-hour if a 
rapidly growing organism) broth cul- 
ture of the organism to be tested. 
With slow-growing organisms, such 
as microaerophilic streptococci, Bac- 
teroides, and so forth, it may be nec- 
essary to use cultures in thioglycol- 
late medium up to 48 hours old. If 
numerous antibiotics are to be tested, 



Table 34-2. Antibiotic serial dilution -tube setup 





DILUENT 




DILUTED 


FINAL ANTIBIOTIC 


CONCENTRATION 




(MEDIUM) 




CULTURE 


ALL BUT 






ADDED 


ANTIBIOTIC 


ADDED 


BACITRACIN 


BACITRACIN 


TUBE 


(ML.) 


ADDED 


(ML.) 


(UNITS OR /lG.) 


(UNITS) 



1 None 0.5 ml. working solution 0.5 100 50 

2 0.5 0.5 ml. working solution 0.5 50 25 

3 0.5 0.5 ml. from tube 2 0.5 25 12.5 

4 0.5 0.5 ml. from tube 3 0.5 12.5 6.25 

5 0.5 0.5 ml. from tube 4 0.5 6.25 3.125 

6 0.5 0.5 ml. from tube 5 0.5 3.125 1.56 

7 0.5 0.5 ml. from tube 6 0.5 1.56 0.78 

8 0.5 0.5 ml. from tube 7 0.5 0.78 0.39 

9 0.5 0.5 ml. from tube 8* 0.5 0.39 0.19 
0 0-5 None 0.5 Zero Zero 



*Discard 0.5 ml. from tube 9. 
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: CONCENTRATION 



bacitracin 
(units) 



50 

25 

12.5 
6.25 
3.125 
1.56 
0.78 
0.39 
0.19 
Zero 




prepare sufficient inoculum in a flask, 
for uniformity. 

The final volume in each tube is 
now 1 ml., and the antibiotic range 
covered in the series is from 100 /xg. 
or units to 0.39 Mg. or unit per milli- 
liter, in twofold steps (Table 34-2). 

For organisms highly susceptible 
to antibiotics, such as streptococci 
and pneumococci, a lower range of 
antibiotic dilutions may be employed 
by further diluting the working solu- 
tion (200 Ag. or units per milliliter) 
1:10. Then, by the serial twofold di- 
lution technique shown in Table 
34-2 the final concentrations will be 
10, 5, 2.5, 1.25, 0.63, 0.3, 0.15, 0.08 
and 0.04 Mg. or units per milliliter. 
>. Incubate the series at 36° C. and ex- 
amine macroscopically for evidence 
of growth. Incubate the tubes only as 
long as it is necessary for the control 
tube to show turbid growth; usually 
12 to 18 hours is the optimal time. 
The last tube, that is, the lowest con- 
centration of the antibiotic in the 
series showing no growth, is taken 
as the MIC of the antibiotic and is 
expressed as micrograms (or units) 
per milliliter. It is well to remember 
that in the serial dilution technique 
there is a possible error equivalent to 
one tube dilution, so that the MIC 
values are not necessarily actual val- 
ues but are near true values. 

To determine the MBC, pipette 0.5 
ml. of each tube of the tube dilution 
set that shows no visible turbidity 
into 12 ml. of infusion agar, mix, and 
make a pour plate. Having obtained 
a colony count of the initial inocu- 
lum by making a pour plate of the 
1:1,000 dilution when setting up the 
test, one may then calculate the 
lowest concentration of the antimi- 
crobial that provided a 99.9% and 
100% bactericidal activity, by com- 
paring colony counts, after an appro- 
priate incubation period of 48 to 72 
hours. 



AGAR PLATE DILUTION METHOD FOR 
DETERMINING SUSCEPTIBILITY TO 
ANTIBIOTICS 

The agar plate dilution method 1 is simi- 
lar in principle to the tube dilution meth- 
od, except that a solid medium is usecK 
Mueller-Hinton agar is recommended and 
is prepared in 100-ml. amounts. Some 
workers incorporate 5% blood or heated 
blood in the medium when using it for or- 
ganisms that require enriched media, such 
as pneumococci, streptococci, and Haemo- 
philus. There appears to be no significant 
inactivation of the antibiotics by the addi- 
tion of the blood. 



Procedure for preparing serial dilutions 

Prepare twofold serial dilutions* of the 
stock antibiotics, as described in the pre- 
vious section, using at least ten times the 
volumes indicated. Stock solutions con- 
taining 1,000 Mg. per milliliter are most 
useful, since decimal dilutions are readily 
prepared from these. For example, to 
prepare alO/^g. per milliliter plate, add 1 
ml. of the stock to 100 ml. of melted and 
cooled agar and pour plates of the same. 

Preparation of plate dilutions 

Melt and cool sufficient screw-capped 
flasks of agar medium for the number of 
plates to be prepared (about 20 ml. of me- 
dium is required per 90 mm. diameter 
plate) and allow to equilibrate in a water 
bath at 50° before adding the antibiotic. 
Add the required amount of the various 
antibiotic dilutions to each flask, mix gent- 
ly by inversion, and pour into plates.t 
Allow the agar to harden and store in the 
refrigerator at 5° C. until used, preferably 
within 24 hours (and not after 1 week) or 
preparation, t 



♦Some workers prefer final dilutions to contain 20, 
10 5 1 0.1, and O.OlMg. per milliliter of medium, 
tit is' not recommended that the antibiotic dilutions 
and culture medium be mixed directly in the plates; 
this may produce uneven distribution of the antibiot- 
ic in the agar. 

*Media containing unstable antibiotics, such as am- 
picillin, should be prepared twice weekly. 
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Inoculation of plates 

The inoculum size should be adjusted to 
contain approximately 10 8 organisms per 
milliliter (equivalent to a McFarland 
standard of 1 or 2); this will ensure dense, 
nearly confluent growth on a control plate 
containing no antibiotic. 

Spot inoculation of the plates is made 
with a 1-mm. loop (approximately 0.001 
ml.)/ a capillary pipet, or, preferably, by 
using the inocula replicator of Steers and 
co-workers. 17 In this device, each single 
manipulation will release thirty-six dif- 
ferent cultures from the prongs on a repli- 
cator head to the surface of a 100X15 mm. 
square plastic plate (Falcon) containing 
agar to a depth of 3.0 mm. Each prong will 
deliver about 0.001 ml.; thirty-six inocula- 
tions can thus be made simultaneously. 

In using the Steers replicating device, it 
is recommended that one space on each 
plate be allocated to a marking solution 
(for proper orientation of the plate), one 
space for testing the viability of the test 
strain, and two spaces for controls — 
strains of gram-positive cocci and gram- 
negative bacilli of known stable MIC's to 
the antibiotics used. Thus, 32 spaces will 
then be available per plate for the testing 
of clinical isolates. 

Organisms having a spreading ten- 
dency, such as Proteus and Pseudomonas, 
may be contained by the use of glass cyl- 
inders,* as suggested by Washington. 21 

Incubation and reading of tests 

Incubate the plates at 36° C. for 16 to 
18 hours and examine for the presence of 
growth. The lowest concentration of the 
antibiotic producing complete inhibition 
of growtht is taken as the end point. Par- 
tial inhibition can be observed readily by 
noting the gradual decrease in amount of 
growth until complete inhibition is ob- 



*12 x 12 mm. Raschig rings, Scientific Glass Ap- 
paratus Co., Bloomfield, N. J. 

tA very fine growth or a few visible colonies also 
may occur when the Steers replicator is used; this 
may be disregarded in the reading of the test. 



tained. The control cultures on antibiot- 
ic-free media should show confluent 
growth. 

STANDARDIZED DISC-AGAR DIFFUSION 
METHOD FOR DETERMINING 
SUSCEPTIBILITY TO ANTIBIOTICS 

Perhaps the most useful, and certainly 
the most used, laboratory test for antibiot- 
ic susceptibility is the antibiotic disc-agar 
diffusion procedure, usually called the disc 
method. Its simplicity, speed of perform- 
ance, economy, and reproducibility (under 
standardized conditions) makes it ideally 
suitable for the busy diagnostic laboratory 
when the more laborious dilution methods 
previously described may not be practiced. 

In this method, as originally described 
by Bondi and associates, 4 filter paper discs 
that have been impregnated with various 
antimicrobial agents of specific concentra- 
tions are carefully placed on an agar cul- 
ture plate that has been inoculated with a 
culture of the bacterium to be tested. The 
plate is incubated overnight and observed 
the following morning for a zone of 
growth inhibition around the disc con- 
taining the agent to which the organism 
is susceptible, whereas a resistant organ- 
ism will grow up to (and under) the pe- 
riphery of the disc. 

No attempt will be made here to discuss 
the complex physicochemical reactions 
that take place during the diffusion of the 
antibiotic into the agar gel or the dynam- 
ics of bacterial growth on the substrate—- 
the reader is referred to publications by 
Ericson 6 ' 7 for details concerning -these. 

In recent years numerous attempts have 
been made to standardize the disc proce- 
dure, including the work of Bauer, Kirby, 
and co-workers, 3 Ericcson, 7 the World 
Health Organization (WHO), the Food 
and Drug Administration, 9 and most re- 
cently, the National Committee for Clini- 
cal Laboratory Standards (NCCLS). Be- 
cause the revised Tentative Standards" 
recommended by the Subcommittee on 
Antimicrobial Susceptibility Testing of the 
NCCLS appears to be the most explicit in 
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methodology, these recommendations are 
the ones that will be presented herein. 

Numerous proficiency testing surveys, 
including a recent nationwide laboratory 
evaluation by the Center for Disease Con- 
trol (CDC) 11 of the disc procedure have re- 
vealed that (1) the procedure as practiced 
is not standardized and (2) there are nu- 
merous variables that may contribute to 
these discrepancies. Among those which 
have been identified are the following: 

1. Selection and concentration of anti- 
microbial discs 

2. Selection, volume, and age of plating 
medium 

3. Storage and handling of discs 

4. Methodology of testing 

5. Criteria used for interpreting results 

Selection of antimicrobial discs 

The following basic set of drugs* and 
their concentrations are recommended for 
routine susceptibility testing: 
Ampicillin 
Bacitracin 
Carbenicilliri 
Cephaloridine 
Cephalothin 
Chloramphenicol 
Clindamycin 
Colistin (Polymyxin E) 
Doxycycline 
Erythromycin 
Gentamicin 
Kanamycin 
Lincomycin 
Methicillin 

Nafcillin and oxacillin 
Nalidixic acid 
Neomycin 
Nitrofurantoin 
Penicillin G 
Polymyxin B 
Streptomycin 
Sulfonamides 
Tetracycline 
Vancomycin 



10 /xg. 
10 U. 
100 /xg. 
30 *ig. 
30 /x,g. 
30 Mg- 
2 /*g. 
10 /xg. 
30 /xg. 
15 pig. 
10 /xg. 
30 /xg. 
2 ttg- 
5 /xg. 

1 j*g. 
30 /xg. 
30 tig. 
300 /xg. 

10 U. 
300 U. 

10 /xg. 
300 /xg. 
30 /xg. 
30 /xg. 



A basic set of discs for routine testing 
against the commonly isolated microor- 
ganisms is listed on p. 322. 

♦Available from Baltimore Biological Laboratory, 
Cockeysville, Md.; Difco Laboratories, Detroit; 
Pfizer Diagnostics, Flushing, N. Y.; and others. 



Selection of plating medium 

Although an ideal medium has not yet 
been perfected for the disc test, the 
NCCLS Subcommittee considers Mueller- 
Hinton agar the best compromise for rou- 
tine susceptibility testing, since it shows 
good batch-to-batch uniformity and is low 
in tetracycline and sulfonamide inhibitors. 
With the addition of 5% defibrinated 
sheep, horse, or other animal blood, it will 
support the growth of the more fastidious 
pathogens that will not grow on the non- 
enriched medium. When required, the 
blood-containing medium may be "choco- 
latized," for testing Haemophilus species. 

Mueller-Hinton agar* is prepared ac- 
cording to the manufacturer's directions 
and should be immediately cooled in a 50° 
C. water bath after removal from the auto- 
clave. This is then poured into sterile 
dishes (on a level, horizontal surface) to 
a uniform depth of 4 mm.; this is equiva- 
lent to approximately 60 ml. in a 140-mm. 
(internal diameter) plate, or approximately 
25 ml. for 90-mm. plates. After cooling at 
room temperature, the plates may be used 
the same day, or stored in the refrigerator 
at 2° to 8° C. for not more than 7 days, 
unless some method of minimizing water 
loss from evaporation is taken. t As a ste- 
rility control, several plates from each 
batch of blood-containing Mueller-Hinton 
agar should be incubated at 36° C. for 24 
hours or longer but not used subsequent- 
ly. 

Each batch of Mueller-Hinton agar 
should be checked for pH when prepared; 
it should be pH 7.2 to 7.4 at room temper- 
ature. This may be tested by macerating 
a small amount of the medium in a little 
distilled water, or by allowing a little of 
the medium in a small beaker to gel 
around the pH meter electrode,* and read- 
ing the pH. 



♦Available from Baltimore Biological laboratory, 
Cockeysville, Md.; Difco Laboratories, Detroit; and 
others. 

tSuch as wrapping in polystyrene plastic, 
tlf available, a surface electrode is desirable. 
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Just before the medium is used, the 
plates should be placed in a 36° C.'incuba- 
tor with lids partly ajar, until excess sur- 
face moisture has evaporated — usually re- 
quiring 10 minutes. 

Storage and handling of discs 

Antibiotic susceptibility test discs are 
generally supplied in separate containers 
with a desiccant* and should be kept 
under refrigeration (below 10° C). Discs 
containing the penicillins (including ampi- 
cillin and carbenicillin) and cephalosporin 
drugs should always be kept frozen (at 
less than -14° C.) to maintain their po- 
tency; a small working supply may be re- 
frigerated for up to 1 week. For long-term 
storage, discs are best kept in the frozen 
state until needed. 

As they are required, the unopened 
containers are removed from the refriger- 
ator or freezer 1 or 2 hours before the 
discs are to be used and allowed to adjust 
to room temperature, in order to minimize 
condensation resulting from warm air 
reaching the cold containers. If disc 
dispensers are utilized, they should be 
equipped with tight covers and supplied 
with a satisfactory desiccant; when not in 
use, they should also be refrigerated. 

Manufacturer's expiration dates should 
be noted and listed; discs must be discard- 
ed on their expiration date. 

Preparation of inoculum 

It has been shown by various workers 
that when certified antibiotic discs and a 
single standard culture medium are used, 
the greatest factor contributing to repro- 
ducibility of the disc test is the control of 
the inoculum size. 

The currently recommended method of 
preparing a standardized inoculum is as 
follows: 

1. With a wire loop, the tops of four or 
five isolated colonies of a similar 
morphological type are transferred to 



'Humidity, particularly high humidity, heat, and 
contamination are important deteriorating factors. 10 



a tube containing 4 to 5 ml. of soy- 
bean-casein digest broth.* 

2. The broth is incubated at 36° C. until 
its turbidity exceeds that of the 
standard (described in step 3). This 
usually requires 2 to 5 hours' incuba- 
tion. 

3. The turbidity is then adjusted to a 
barium sulfate standard that i s 
prepared by adding 0.5 ml. of 1.175% 
w/v barium chloride hydrate (Ba 
CL-2 H 2 0) to 99.5 ml. of 1% v/v 
(0.36N) sulfuric acid. The standard is 
distributed in screw-capped tubes of 
the same size as the ones used in the 
broth culture, approximately 4 to 6 
ml. per tube, which are then tightly 
sealed and stored at room tempera- 
ture in the dark. Fresh standards must 
be prepared at least once every 6 
months, although a recent publica- 
tion suggests that the solution re- 
mains stable for a much longer period 
when heat-sealed and stored in the 
dark. 22 

4. The barium sulfate standard must be 
vigorously agitated in a Vortex 
shaker just before use, and the tur- 
bidity of the broth culture is then ad- 
justed visually be adding sterile sa- 
line or broth, using an adequate light 
and comparing the tubes against a 
white background with a contrasting 
black line. 

Inoculation of the test plates 

Within 15 minutes of adjusting the den- 
sity of the inoculum, a sterile cotton swab 
on a wooden applicator stick (plastic sticks 
are not satisfactory) is dipped into the 
standardized bacterial suspension and the 
excess fluid is removed by pressing 
against the inside of the tube above the 
fluid level. The swab is then used to streak 
the dried surface of .a Mueller-Hinton 
plate in several planes (by rotating the 



*Trypticase soy broth, Baltimore Biological Laborato- 
ry, Cockeysville, Md.; tryptic soy broth, Difco Lab- 
oratories, Detroit; and others. 
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plate approximately 60° each time) to en- 
sure an even distribution ofthe inoculum. 

Allow the inoculated plates to remain 
on a flat and level surface undisturbed for 
3 to 5 minutes to allow for adsorption of 
excess moisture, then apply the discs, as 
described in the following section. 

Placement of discs 

With alcohol-flamed, fine-pointed for- 
ceps (cooled before using) or a disc 
dispenser,* the selected discs are placed 
on the inoculated plate and pressed firmly 
into the agar with a sterile forceps or nee- 
dle, to ensure complete contact with the 
agar. The discs are distributed evenly in 
such a manner as to be no closer than 15 
mm. from the edge of the petri dish and 
so that no two discs are closer than 24 
mm. from center to center. Once a disc 
has been placed, it should not be moved, 
since some diffusion of the antibiotic 
occurs almost instantaneously. 

An alternative method, using an agar 
overlay, has been described by Barry and 
colleagues. 2 This method is useful only for 
rapidly-growing organisms such as Staph- 
ylococcus aureus, the enteric bacilli, and 
Pseudomonas aeruginosa, and must be 
standardized to correspond with results 
obtained by the cotton swab-streak meth- 
od already described. 

The inoculated and disced plates are in- 
verted and placed in the 36° C. incubator 
within 15 minutes after application of the 
discs. Incubation under increased C0 2 
tension should not be practiced, since the 
interpretative zone sizes were developed 
under aerobic conditions; furthermore, 
C0 2 incubation may significantly alter the 
zone sizes. 

Table 34-3 is presented as a practical 
guide in the selection of discs for routine 
susceptibility testing of facultative organ- 
isms isolated in clinical practice. Although 



*Dispensers for both the 90-mm. and 140-mm. Petri 
plates are available from Baltimore Biological Labora- 
tory, Cockeysville, Md.; Difco Laboratories, Detroit; 
Pfizer Diagnostics, Flushing, N. Y.; and others. 



not identical to that recommended by the 
NCCLS, 14 it has proved of value to clini- 
cians at the Wilmington Medical Center, 
and has served as an aid in reducing the 
misuse or overuse of antibiotic agents in 
a large medical complex. 

Reading of results 

After incubation the relative suscepti- 
bility of the organism to the antibiotic is 
demonstrated by a clear zone of growth 
inhibition around the disc. This is the re- 
sult of two processes: (1) diffusion of the 
antibiotic and (2) growth of the bacteria. 
As the antibiotic diffuses through the agar 
medium from the edge of the disc, its con- 
centration progressively diminishes to a 
point where it is no longer inhibitory for 
the organism, which then grows freely. 
The size of this area of suppressed 
growth, the zone of inhibition, is deter- 
mined by the concentration of the antibi- 
otic present in the area. Therefore, within 
the limitations of the test, the diameter of 
the inhibition zone denotes the relative 
susceptibility to a particular antibiotic. 

After 16 to 18 hours' incubation,* each 
plate is examined and the diameters of the 
complete inhibition zones are noted and 
measured, using reflected light and sliding 
calipers, a ruler, or a template prepared for 
this purpose and held on the bottom of 
the plate. The end point, measured to the 
nearest millimeter, should be taken as the 
area showing no visible growth that could 
be detected with the unaided eye. Faint 
growth or tiny colonies near the edge of 
the inhibition zones are ignored, as is the 
veil of swarming occurring in the inhibi- 
tion zones of some strains of Proteus spe- 
cies. With sulfonamides, slight growth 
(with 80% or more of inhibition) is disre- 
garded, and the margin of heavy growth 
is measured to determine the zone diame- 
ter. 

Large colonies growing in an inhibition 



'Microbial growth should be almost or just con- 
fluent; if only isolated colonies are present, the inoc- 
ulum was too light and the test must be repeated. 
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Table 34-4. Zone size interpretative chart, Kirby-Bauer method* 



4 WTTBIDTir OT9 MltUrtTUtD a DniiTtr 
a in iiDiuiiL KJts. \~ rir,IvlKJ I riii KA I ii U 11 V_ 

AGENT 


DISC 
POTENCY 


INHIBITION ZONE DIAMETER TO 


KTCAD17C1* t/kj 


R'F^TQT A KIT 




SENSITIVE 


Ampicillin 1 










Enterobacteriaceae and enterococci 


10 /Xg. 


11 or less 


12-13 


14 or more 


Staphylococci 




20 or less 


21-28 


29 or more 


Haemophilus 




19 or less 





20 or morp 


Bacitracin 


10 U. 


8 or less 


9-12 


1^ or m nrp 

U UI UlUie 


Carbenicillin 


100 ae. 








Pseudomonas sp. 


13 or less 


14-16 


1/ UI IIlUlc 


Protews and Escherichia coli 




17 or less 


18-22 


23 or more 


Cephaloridine 


30 ue. 


14 or less 


15-17 


lO UI mure 


Cephalothin 


30 uz. 


14 or less 


15-17 


io ui mure 


Chloramphenicol 


30 LLP 


12 or less 


13-17 


io or more 


Clindamycin 2 


2 we. 


14 or less 


15-16 


1 7 or morp 


Colistin (polymyxin E)' { 


10 ae. 


8 or less 


9-10 


1 1 or morp 


Doxycycline 


30 /xg. 


12 or less 


13-15 


id ur mure 


Erythromycin 


15 /Xg. 


13 or less 


14-17 


1ft or morp 


Gentamicin 


- 10 /xg. 


12 or less 




13 or more 


Kanamycin 


30 ue 


13 or less 


14-17 


io ur mure 


Lincomycin 


2 /xe. 


9 or less 


10-14 


1 S or morp 
a<j ui mure 


Methicillin- 1 


5 ue. 


9 or less 


10-13 


14 or morp 
i * ui liiuxc 


Nafcillin and oxacillin 


1 /Xg. 


10 or less 


11-12 


1*5 or morp 


Nalidixic acid 5 


30 ^g. 


13 or less 


14-18 


19 or more 


Neomycin 


30 /xg. 


12 or less 


13-16 


17 or more 


Nitrofurantoin 5 


300 tig. 


14 or less 


15-16 


17 or more 


Penicillin G 










Staphylococci 


10 U. 


20 or less 


21-28 


29 or more 


Other organisms 6 


10 u. 


11 or less 


12-21 8 


22 or more 


Polymyxin B ;i 


300 U. 


8 or less 


9-11 


12 or more 


Rifampin (when testing Neisseria 










meningitis susceptibility only) 


5 /xg. 


24 or less 




25 or more 


Streptomycin 


10 /xg. 


11 or less 


12-14 


15 or more 


Sulfonamides 5, 7 


300 /xg. 


12 or less 


13-16 


17 or more 


Tetracycline" 


30 /xg. 


14 or less 


15-18 


19 or more 


Trimethoprim / sulfamethoxazole 


25 /xg. 


10 or less 


- 11-15 


16 or more 


Vancomycin | 


30 /xg. 


9 or less 


10-11 


12 or more 



'Courtesy Alfred W. Bauer, Group Medical Center, Seattle, Wash., and John C. Sherris and W. Lawrence Drew, University 
Hospital, Seattle, Wash. See also reference 3 at end of chapter. Updated and modified by other investigators. See references 
9 and 14. 

'The ampicillin disc is used for testing susceptibility to both ampicillin and hetacillin. 
-The clindamycin disc is used for testing susceptibility to both clindamycin and lincomycin. 

:, The polymyxins diffuse poorly in agar, and the accuracy of the diffusion method is less than with other antibiotics. Resistance 
is always significant, but some relatively resistant strains of Klebsiella and Enterobacter may give zones in the lower end of the 
sensitive range (up to 15 mm.). When treatment of systemic infections due to susceptible strains is considered, it is wise to 
confirm the results of a diffusion test with a dilution method. 

4 The methicillin disc is used for testing susceptibility to all penicillin- resistant penicillins: methicillin, doxacillin, dicloxa- 
cillin, oxacillin, and nafcillin. MethiciUin- resistant strains of Staphylococcus aureus are best detected at 30 °C. 
" i Urinary tract infections only' 

"This category includes some organisms, such as enterococci and gram- negative bacilli, that may cause systemic infections 
treatable by high doses of penicillin G. 

7 Any of the commercially available 300 or 250 jag. sulfonamide discs can be used with the same standards of zone 
interpretation. 

"The tetracycline disc is used for testing susceptibility to all the tetracyclines: chlortetracycline, demeclocycline, doxycycline, 
methacycline, oxy tetracycline, rolitetracycline, minocycline, and tetracycline. 
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zone may actually be a different bacterial 
species (a mixed, rather than a pure, cul- 
ture) and should be subcultured, reidenti- 
fied, and retested. 

Interpretation of zone sizes 

The diameters of the inhibition zones 
are then interpreted by referring to Table 
34-4, which represents the NCCLS sub- 
committee's present recommendations. 

The term "susceptible" implies that an 
infection caused by the strain tested may 
be expected to respond favorably to the in- 
dicated antimicrobial for that type of infec- 
tion and pathogen. "Resistant" strains, on 
the other hand, are not inhibited com- 
pletely by therapeutic concentrations. "In- 
termediate" implies that the isolant may 
respond to unusually high concentrations 
of the agent, due either to high dosage 
levels or in areas, such as the urinary 
tract, where the drug is concentrated. In 
other circumstances, intermediate results 
might warrant further testing if alternative 
agents are not available. 

Limitations of the test 

This modified Bauer-Kirby procedure 
has been standardized for testing rapidly 
growing isolants, particularly members of 
the Enterobacteriaceae, Staph, aureus, and 
Pseudomonas species; limited experience 
also suggests that the interpretative stan- 
dards hold for Haemophilus and strepto- 
cocci, if blood ("chocolatized" if required) 
is added to the Mueller-Hinton agar. 
Streptococcus pyogenes and S. pneumoniae 
are generally susceptible to penicillin G 
and are not routinely tested; however, in 
those patients hypersensitive to penicillin, 
the isolant may be tested against erythro- 
mycin or lincomycin. 

In general, fastidious organisms requir- 
ing an increased C0 2 tension or an an- 
aerobic atmosphere, or whose growth rate 
is unusually slow, do not lend themselves 
to susceptibility testing by the standard- 
ized disc-agar diffusion method; agar plate 
or broth dilution test procedures are rec- 
ommended. Likewise, testing of Neisseria 



gonorrhoeae by the described procedure is 
not recommended. Because of the interest 
recently generated by early reports on re- 
liable susceptibility testing of anaerobes 
using the disc procedure, a subsequent 
section will consider this technique. 

Quality control procedures 

It is essential that some form of quality 
control be carried out in performing the 
disc procedure, to ensure precision and ac- 
curacy of the test results. The NCCLS 
subcommittee recommends that the tests 
be monitored daily with stock cultures of 
the Seattle strains of Staph, aureus (Amer- 
ican Type Culture Collection 25923) and 
Escherichia coli (ATCC 25922), using anti- 
biotic discs representative of those to be 
used in the testing of clinical isolants. 14 
These cultures may be grown on soy-ca- 
sein digest agar slants and stored under 
refrigeration (4° to 8° C), and should be 
subcultured to fresh slants every 2 weeks. 

For testing, the cultures are inoculated 
to soy-casein digest broth tubes, which 
are incubated overnight and streaked to 
agar plates to obtain isolated colonies; 
these are then picked to broth and tested 
as described in the preceding sections. 

The control strains may be used as long 
as there is no significant change in the 
mean inhibition zone diameters not other- 
wise attributable to technical error. If such 
changes occur, fresh strains should be ob- 
tained from a reference laboratory or 
other reliable source. Individual values of 
zone diameters and their permissible dif- 
ferences are indicated in Table 34-5. 

Table 34-5 represents a more precise 
computation, based on standard statistical 
methods, than previous publications. It is 
described in NCCLS's Revised Tentative 
Standards (May . 1973), free copies of 
which may be obtained from the Commit- 
tee.* 

Recently, it has been recommended that 
a well-characterized and confirmed strain 
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'National Committee for Clinical Laboratory Stan- 
dards, Los Angeles, Calif. 
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Table 34-5. Maximum acceptable standard deviations and mean zone diameters that 
should be expected with the E. coli (ATCC 25922) and S. aureus (ATCC 25923)* 



ANTIMICROBIC 



DISC 
CONTENT 



MAXIMUM 
ACCEPTABLE 
STAND. DEV. 



CURRENTLY ACCEPTED TRUE 
MEAN ZONE DIAMETER (MM) 



E. COLI 



S. AUREUS 



Penicillin 

Ampicillin 
Staphylococci 
Enteric bacilli 
and enterococci 

Methicillin 

Nafcillin 

and oxacillin 

Cephalothin 

Cephaloridine 

Carbenicillin 

Pseudomonas sp. 

Proteus and £. coli 
Chloramphenicol 
Tetracycline 

Erythromycin 

Lincomycin 

Clindamycin 

Kanamycin 
Neomycin 
Streptomycin 
Gentamicin 

Sulfonamides 
Nitrofurantoin 
Nalidixic acid 

Polymyxin B 
Vancomycin 



10 units 
10 Mg- 



5 Mg. 



1 Mg- 

30 Mg. 
30 fig. 
50yxg- 



30 Mg. 
30 Mg- 

15 /LLg. 

2/*g. 
2 Mg. 

30 /xg. 
30 /u.g. 
10 /xg. 
10 p,g. 

300 /xg. 
300 /xg. 
30 /xg. 

300 units 
30 xtg. 



2.9 

2.9 
1.3 

1.6 

1.3 

1.3 
1.6 

1.3 
1.6 
1.9 
1.6 

1.6 
1.9 
1.6 

1.6 
1.6 
1.3 
1.3 

1.6 
1.6 
1.9 

1.3 
1.3 



t 

17.5 



20.5 



24.0 
21.5 

11.0 
t 
t 

21.0 
20.0 
16.0 
22.5 



14.0 
t 



31.5 

29.5 
t 

19.5 



31.0 
t 

t 
t 

22.5 
23.5 

26.0 



22.5 
22.0 
18.0 
23.0 

t 
t 
t 

t 

17.0 



*NCCLS Subcommittee on Antimicrobial Susceptibility Testing: Performance standards for antimicrobial disc suscepti- 
bility tests as used in clinical laboratories, revised tentative standards, May 1973. In Balows, A., editor: Current techniques 
for antibiotic susceptibility testing, Springfield, 111., 1974, Charles C Thomas, Publisher. 
tData not relevant; -data not yet established. 



of Pseudomonas aeruginosa be added to 
the quality control system. 11 Apparently, 
some lots of Mueller-Hinton agar may 
contain increased concentrations of Ca ++ 
and Mg ++ . Since Staph, aureus and E. coli 
are not effected by these ions, they will 
demonstrate no changes in zone sizes, but 
growth of Ps. aeruginosa is enhanced and 
will therefore demonstrate smaller zones. 
Thus, the effect of increased concentra- 
tions of these cations would influence the 
interpretation of susceptibility and should 
be predetermined. 



Susceptibility testing of anaerobes 

With the diverse spectrum, of activity of 
various antimicrobial agents against clini- 
cally significant anaerobes, it is clearly ap- 
parent that a simple, rapid, reliable test for 
their susceptibility is in demand. Attempts 
to adapt the Bauer-Kirby disc-agar diffu- 
sion technique for predicting sensitivity of 
anaerobes has been found to be generally 
unsatisfactory, 19 but a number of workers 
in the field of anaerobic bacteriology are 
attempting to correlate the zone diameters 
obtained by the disc test, with the MIC's 
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obtained by either broth or agar dilution 
techniques, with varying degrees of suc- 
cess. Chief among these has been the 
work of Sutter and colleagues, 18 who have 
obtained a statistically good correlation 
with most of the antibiotics tested against 
a variety of known strains of anaerobes. 
The authors point out, however, that if 
predictions of the antibiotic sensitivity of 
unidentified isolants are to be made by 
the disc-diffusion procedure, it may be 
necessary to establish separate criteria for 
organisms that have different growth rates 
—slow, moderately rapid, or rapid— since 
this is one of the major variables that af- 
fect zone sizes. 

Therefore, we feel that until a standard- 
ized, reproducible, and clinically correlated 
disc-diffusion technique for predicting an- 
tibiotic susceptibility of significant an- 
aerobes becomes available, the reader is 
best directed to the employment of meth- 
odologies utilizing broth or agar dilution 
procedures. 1314 

As a guide to the microbiologist and cli- 
nician, Table 34-6 from a recent publica- 
tion by Finegold and co-workers* is pre- 
sented. This is based on their correlation 
of in vitro laboratory findings with an 
evaluation of clinical effectiveness. 

Other uses for antibiotic discs 

One unexpected advantage of perform- 
ing disc-sensitivity tests on primary plates 
inoculated with clinical specimens likely to 
contain more than a single pathogenic 
species (such as sputum, throat swabs, or 
urine) is the likelihood of uncovering or- 
ganisms overgrown by other bacterial spe- 
cies. For example, an agar plate inoculated 
with a mixed culture of staphylococci and 
streptococci and "disced" with two dif- 
ferent antibiotics may result in two dis- 
tinct patterns of inhibition zones. One 
zone may show an inhibition of the staph- 
ylococci, whereas colonies of the strepto- 
cocci may be growing within that zone. 
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*In Kagan, B. M., editor: Antimicrobial therapy, ed. 
2, Philadelphia, 1973, W. B. Saunders Co. 
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Around the other disc there may be only 
colonies of staphylococci, the streptococci 
having been inhibited. 

Since antibiotic discs demonstrate dis- 
tinctly different inhibitory capacities, they 
may be used for the sole purpose of selec- 
tively isolating various microorganisms. 
Following Vera's suggestions, 20 it has 
been our practice to place discs containing 
penicillin (10 units), neomycin (30 Ag), 
and bacitracin (10 units) on all primary 
plates inoculated with a potentially mixed 
flora. The inhibition zones around the 
neomycin discs have been particularly 
useful in exposing colonies of Group A 
beta hemolytic streptococci, pneumococci, 
enterococci, and other streptococci. Hae- 
mophilus influenzae has been isolated with 
ease from within the zones surrounding 
the 10-unit bacitracin disc on blood agar 
plates inoculated with sputum, and from 
material from the throat and naso- 
pharynx. Penicillin discs (10 units) have 
aided in unmasking colonies of coliform 
bacilli, pseudomonads and species of Pro- 
teus, Candida albicans, and others. A 10- 
unit penicillin disc also is useful in reveal- 
ing colonies of Bordetella pertussis on Bor- 
det-Gengou plates of nasopharyngeal cul- 
tures. Kanamycin discs (30 ug.) have been 
reported to be helpful in separating Bac- 
teroides and Clostridium species from 
other wound bacteria when the plates are 
incubated anaerobically . 20 

DETERMINATION OF ANTIBACTERIAL 
LEVEL OF SERUM DURING ANTIBIOTIC 
THERAPY 

A direct method for determining the an- 
tibacterial potency of serum was first 
described by Schlichter and associ- 
ates. 15 ' 16 We have evaluated the Schlichter 
method in many cases of acute infec- 
tions (particularly subacute bacterial en- 
docarditis, staphylococcal septicemia, en- 
terococal endocarditis, and others) and 
can recommend it as a valuable and 
practical guide to the antibiotic therapy 
of severe or complicated bacterial infec- 
tions . 



Technique of Schlichter test* 

1. Subculture a recent isolate of the or- 
ganism to infusion agar or blood 
agar slants and store in the refriger- 
ator until the test is run, then sub- 
culture to a tube of broth early on 
the day of the test. 

2. Obtain the first blood specimen be- 
fore therapy, if possible; this serves 
as a control. Allow a 24-hour period 
to elapse after initiation of therapy 
in order to permit stabilization of 
absorption and excretion rates. 
Then take blood samples at any de- 
sired interval, at the low point of 
the blood concentration curve, if the 
patient is on intermittent dosage. 
Collect 10 ml. of the patient's blood 
in a sterile tube. On receipt in the 
laboratory, the clot is separated and 
the serum is obtained by centrifu- 
gation. The serum is then trans- 
ferred to a sterile, rubber-stoppered 
tube; it may be titrated at that time 
(or within 2 to 3 hours if refriger- 
ated) or frozen immediately in a 
slanting position and stored at -20° 
C, a temperature at which it re- 
mains stable for several days. 

3. Prepare serial twofold dilutions of 
serum in 1 ml. amounts in Mueller- 
Hinton broth,+ using eight sterile, 
gauze-stoppered Kahn tubes (use a 
separate pipet for each dilution). 
The first tube contains only undilut- 
ed serum, and a ninth tube contains 
only broth and serves as a culture 
control.The serum dilutions range 
from undiluted through 1:128. Very 
sensitive organisms, such as alpha 
hemolytic streptococci, may require 
dilutions up to 1:2,048. 
4. To each tube of the series add 0.05 
ml. of a 1:1,000 dilution of a 6-hour 
broth culture of the organism isolat- 



*Modified by John A. Washington II, Head, Section 
of Clinical Microbiology, Mayo Clinic. 21 
tUse soy-casein digest broth or others, such as 
brain-heart infusion or Levinthal's broth, tor organ- 
isms not growing in Mueller-Hinton medium. 
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ed from the patient. Also prepare a 
pour plate using 1 ml, of the inocu- 
lum. 

5. Incubate the test at 36° C. for 18 to 
24 hours and examine. The bac- 
teriostatic end point is taken as the 
highest dilution in which no visible 
growth occurs. Because of the in- 
herent turbidity of some sera, it is 
recommended that subcultures be 
made from. each tube to a sector of 
a blood agar plate. To determine 
bactericidal end points, transfer 
0.05 ml. from each tube showing no 
growth to a tube of thioglycollate 
medium. Mix and incubate at 36° C. 
for 72 hours. The tube showing no 
growth in thioglycollate is taken as 
the end point. Good growth should 
be evident in the control tube. 

6. In cases where the organism grows 
slowly, a loopful of an overnight 
broth culture may be used as the in- 
oculum. When microaerophilic or 
anaerobic bacteria have been isolat- 
ed, the tubes should be incubated 
anaerobically. 

7. Since thioglycollate medium con- 
tains sufficient agar to permit the 
growth of discrete colonies, one can 
determine by inspection the number 
of colonies growing out, and thus 
the degree of killing. It is thus rec- 
ommended that one report the re- 
sults as follows: 

a. Complete killing at serum dilu- 
tion , with no growth in 

subculture. 

b. Partial inhibition at serum dilu- 
tion , with 1 to 2+ growth 

in subculture. 

c. Record and report the presence 
of less than 10 colonies at the 
serum dilution observed. 

8. If the percentage of bactericidal ac- 
tivity is required, the following may 
be carried out: 

a. Pipette 0.5 ml. of each tube 
showing no gross turbidity into 
tubes containing 12 ml. of melt- 



ed and cooled (45° to 50° Q 
brain-heart infusion agar, mix, 
and make pour plates. 

b. Incubate for 72 hours at 36° C. 

c. On the basis of the inoculum colo- 
ny count (step 4), calculate the 
lowest titers of serum dilution 
showing 99.9% and 100% bacteri- 
cidal activity, and report accord- 
ingly. 

9. Schlichter indicated that optimal an- 
tibiotic dosage (either single or com- 
bined drugs) had been achieved 
when a bactericidal level of 1:2 (com- 
plete inhibition in the first two tubes) 
had been demonstrated; others, 
however, believe that a bactericidal 
level of 1:8 should be the minimum 
effective level in problem cases. Dos- 
age is adjusted according to results of 
the test and is maintained for the du- 
ration of the infection. 
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Burkholderia cepacia and Cystic Fibrosis: Do Natural 
Environments Present a Potential Hazard? 
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An environmental survey of 55 sites yielded only 12 Burkholderia cepacia isolates, none of which displayed the 
phenotypic properties of a multiresistant epidemic strain associated with pulmonary colonization in patients 
with cystic fibrosis. Although the environment probably poses a low risk for patients with cystic fibrosis as a 
source of B. cepacia, the pathogenic potential of individual environmental strains remains unclear. We advise 
caution in the development of B. cepacia as a biocontrol agent. 



First described in 1950 by Burkholder (5) as the cause of soft 
rot of onions, Burkholderia cepacia (basonym Pseudomonas 
cepacia) is now of wider and increasing interest in agriculture, 
biotechnology, and medicine. Reasons for this interest include 
the organism's abilities to promote plant growth by antagoniz- 
ing soilborne plant pathogens (15, 16, 25), to degrade hydro- 
carbons and thus assist in the bioremediation of contaminated 
soil and water (11), and to cause opportunistic human infec- 
tions, particularly in patients with chronic granulomatous dis- 
ease (22, 30) and cystic fibrosis (CF) (1, 14, 19, 36). In patients 
with CF, B. cepacia is now a major pathogen because of the 
following: first, its association with cepacia syndrome, a rapidly 
fatal necrotizing pneumonia, sometimes accompanied by sep- 
ticemia (19); second, its innate multiresistance to antibiotics 
(23, 34); third, person-to-person transmission through social 
contact (14, 24, 38); and fourth, the risk of nosocomial acqui- 
sition (40). In the last decade, there have been increased at- 
tempts to reduce the risk of B. cepacia transmission by segre- 
gation of B. cepacia -colonized patients and publication of 
guidelines concerned with hygiene and social behavior (1, 29, 
42). The social effects of segregation on patients with CF and 
organizations for people with CF are psychologically devastat- 
ing, and the policy has not been universally welcomed, partic- 
ularly in centers for patients with CF in which B. cepacia 
colonization or transmission has remained low (1, 33, 39). The 
introduction of hygiene guidelines and segregation has un- 
doubtedly reduced acquisition of B. cepacia in patients with CF 
(14, 38, 42), but acquisition has not been eliminated. The 
source of B. cepacia responsible for new acquisitions is unclear, 
and there is increasing concern about the risk that the envi- 
ronment may present as a source of this opportunistic sapro- 
phyte (10, 20). At present, rational judgments on this issue are 
frustrated by the following uncertainties: first, the distribution 
of B. cepacia in natural environments; second, the pathogenic 
potential of environmental isolates; and third, the potential 
hazards associated with the development and use of B. cepacia 
as a biological control agent. 

B. cepacia has been cultured from a range of environmental 
sources, including soil, water, and vegetation (2, 15, 26), and 
from clinical material (17). There are few reports, however, of 
prospective studies of the organism's natural habitats, and 
there is little documented evidence to support the use of the 
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term ubiquitous to describe the organism's environmental dis- 
tribution. LiPuma et al. (24) cited previous failures to recover 
B. cepacia from environmental surfaces to support person-to- 
person transmission as the primary mode of B. cepacia acqui- 
sition in patients with CF. In a subsequent study, B. cepacia was 
cultured from only 1% of samples obtained from homes and 
4.5% of samples obtained from salad bars and food stores (10). 
The use of the term environmental isolates also can be mis- 
leading since in epidemiological studies of nosocomial B. ce- 
pacia infections, it is not always possible to identify whether 
isolates cultured from environmental surfaces have contami- 
nated patients or vice versa. The aims of our study were to 
investigate prospectively the distribution of B. cepacia in other 
natural environments and to obtain authentic environmental 
isolates for future comparative studies with clinical isolates to 
investigate B. cepacia virulence factors and to determine the 
pathogenic potential of environmental strains. 

A large botanical complex was chosen for this survey to 
provide an extensive range of soils, aquatic sites, and vegeta- 
tion located in a natural temperate climate and tropical, sub- 
tropical, and arid microclimates within greenhouses. Fifty-five 
samples of soil, soil rhizosphere, water, and vegetation were 
collected and cultured for B. cepacia by using selective media 
and screening procedures adapted from two previous surveil- 
lance studies (10, 28). Prior to sampling, swabs were first moist- 
ened in a selective broth that consisted of Malka minimal broth 
(35) supplemented with polymyxin (300 U/ml) and plated di- 
rectly onto selective agar that consisted of 300 U of polymyxin 
per ml and 100 |xg of ticarcillin per ml (Mast cepacia agar; 
Mast Diagnostics, Ltd., Bootle, United Kingdom). Water sam- 
ples (100 ml) were filtered (pore size, 0.2 u,m; Millipore). The 
same swabs, filter membranes, soils, and vegetation were trans- 
ferred to Malka minimal broth supplemented with polymyxin, 
incubated at 30°C for 5 days, and subcultured to the selective 
agar described. After 48 h at 30°C, bacterial colonies were 
subcultured to MacConkey agar and fluorescent pigment-en- 
hancing King's B medium (21). After a further 48 h at 30°C, 
nonfluorescent, non-lactose fermenters were screened on argi- 
nine-glucose medium, B. cepacia isolates were presumptively 
identified by biochemical reactions (13), and identification was 
confirmed by the API 20 NE system (bioMerieux, Basingstoke, 
United Kingdom). Individual B. cepacia isolates were then 
investigated for catalase production (32), lipopolysaccharide 
(LPS) content by polyacrylamide gel electrophoresis following 
proteinase K extraction as previously described (6), and anti- 
microbial susceptibility by an agar dilution method on Mueller- 
Hinton agar (23), with sensitivity defined in terms of the British 
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TABLE 1. Antibiotic resistance of 48 clinical and 25 environmental 
isolates of B. cepacia with sensitivity defined in terms of breakpoints 



Breakpoint °^ res ' stant isolates (%) 

(mg/liter) fl C|inica , Environmental* 



Piperacillin 


64 


20 (42) 


1(4) 


Ceftazidime 


2 


39 (81) 


4(16) 


Meropenem 


4 


25 (52) 


2(8) 


Chloramphenicol 


8 


44 (92) 


18 (72) 


Ciprofloxacin 


4 


18 (38) 


2(8) 


PD 127391 


4 


10(21) 


0(0) 


PD 131628 


4 


14(29) 


0(0) 



° Defined by the British Society for Antimicrobial Chemotherapy Working 
Party (4), apart from PD 127391 and PD 131628, which have been defined by 
Lewin et al. (23). 

b Includes 10 isolates in this study and 15 isolates previously held in our 
collection. 



Society for Antimicrobial Chemotherapy Working Party 
breakpoints (4) (Table 1). Pulsed-field gel electrophoresis 
(PFGE) was performed by the technique of Vasil et al. with 
some modifications (43). Bacteria were grown in nutrient broth 
no. 2 (Oxoid, Basingstoke, United Kingdom) that contained 
0.5% yeast extract (Difco, Surrey, United Kingdom). Cells 
were washed with 75 mM NaCl-25 mM EDTA, standardized 
to an optical density at 590 nm of 1.0, and mixed with an equal 
volume of molten 1% low-melting-point preparative-grade 
agarose (Bio-Rad, Hemel Hempstead, United Kingdom). 
DNA restricted with Xbal (TCTAGA) and Spel (ACTAGT) 
(Gibco BRL, Paisley, United Kingdom) was separated by 
PFGE by using the CHEF DRII system (Bio-Rad) with pulses 
of 2.9 to 35.4 s at 200 V for 22 h at 14°C. Gels were stained with 
ethidium bromide at a concentration of 1 jxg/ml for 15 min and 
then destained in distilled water for 30 min. 

B. cepacia was cultured from 12 (21.8%) of 55 samples and 
sites (Table 2). This recovery rate exceeds that reported by 
Fisher and colleagues (10) for homes (1%) and food stores 
(4.5%); however, both studies indicate that it is an exaggera- 
tion to describe B. cepacia as ubiquitous or widely distributed 
in nature. The data also emphasize the biological puzzle posed 
by Palleroni (31), namely, if B. cepacia is so nutritionally ver- 
satile, why is this species not more readily cultured from nat- 
ural habitats? In our study, B. cepacia isolates were not recov- 



TABLE 2. Environmental sites in botanical gardens from which 
B. cepacia strains were cultured 



Isolate 


Site 


Area 


J2534 


Rotting bark 


Orchid and cycad house 


J2535 


Rotting bark 


Orchid and cycad house 


J2536 


Soil 


Gardens 


J2537 


Soil 


Rhododendron house 


J2538 


Soil 


Rhododendron house 


J2539 0 


Rhizosphere of Hohenbergia 


Temperate aquatic house 




stalata 




J2540 


Rhizosphere of banana plant 


Tropical aquatic house 


J2541 


Rhizosphere of Epidendrum 


Orchid and cycad house 




o'brieniamum 




J2542 


Rhizosphere of Nautilocafyx 


Orchid and cycad house 




fynchii 




J2543 a 


Pond water 


Tropical aquatic house 


J2552 


Rhizosphere of Carludoucas 


Tropical aquatic house 




palmata 




J2553 


Sansevieria leaf 


Tropica! palm house 



a Identical PFGE profiles. 



ered from healthy or diseased cacti or from soil within the 
cactus greenhouse; the majority of recovery sites were in moist 
soil or soil rhizosphere, which suggests that these environments 
are natural habitats for this microbial saprophyte. 

Previous studies (6,14) have shown that B. cepacia J2315, an 
epidemic strain associated with morbidity and mortality in pa- 
tients with CF and epidemic outbreaks in regional clinics for 
those with CF in the United Kingdom, has unusual phenotypic 
characteristics, including a dry rough colonial morphotype, 
dark melanin-like pigmentation, a sodium dodecyl sulfate- 
polyacrylamide gel electrophoresis profile indicative of rough 
LPS, and multiresistance to co-trimoxazole and all of the an- 
tibiotics listed in Table 1. These characteristics were not ob- 
served for any of the 12 environmental isolates of B. cepacia. 
The results of antibiotic sensitivity testing are shown in Table 
1; in general, environmental isolates, including 15 previously 
held in our collection, showed greater sensitivity than did CF 
isolates of B. cepacia. Interestingly, however, epidemic strain 
J2315 and 10 of 12 environmental isolates were catalase posi- 
tive, a characteristic of opportunistic pathogens responsible for 
recurrent life-threatening infections in patients with chronic 
granulomatous disease (22). 

Genomic analysis of DNA from environmental isolates of B. 
cepacia by PFGE following endonuclease digestion with Spel 
and Xbal illustrated the genomic diversity of this species. With 
one exception, each of these 12 isolates produced a distinct 
endonuclease restriction profile which also differed from the 
PFGE profiles of epidemic strain J2315 and 10 other clinical 
isolates of B. cepacia cultured from patients with CF. 

Accumulated evidence from this study and previous reports 
(10, 18) suggests that compared with the heavily colonized 
respiratory secretions of B. cepacia -colonized patients with CF, 
the environment is a relatively low-risk source of B. cepacia for 
patients with CF. Honicky et al. recovered B. cepacia from only 
4 (3 from lake water and 1 from ice water from a picnic jug) of 
58 environmental samples in a study of B. cepacia acquisition 
in patients with CF who attended summer camps (18). Fur- 
thermore, genomic fingerprinting of B. cepacia cultures from 
the 16 (6.6%) of 244 campers whose acquisition of B. cepacia 
was associated with camp attendance showed that the majority 
of new colonizations involved strains shared by other camp 
attenders and that no patient with CF had acquired a strain 
which shared a genotype found in environmental isolates. 

An important caveat to the conclusion that the environment 
is not a major source of B. cepacia infection in humans con- 
cerns the development and release of B. cepacia as a biological 
agent to control plant disease and soil decontamination. In a 
recent report, Bevivino et al. (3) concluded that environmental 
isolates probably pose little threat in human disease since they 
lack the abilities to produce gelatinase and a hydroxamate 
siderophore and to adhere to human uroepithelial cells. This 
conclusion needs to be treated with considerable caution. Only 
two environmental isolates and two clinical isolates were in- 
vestigated; furthermore, there is no evidence that the putative 
virulence determinants investigated in this study play a role in 
human infections, including colonization and pathogenesis in 
patients with CF (27). 

Equally relevant to the issue of the use of B. cepacia in 
biological control are the questions of whether clinical and 
environmental B. cepacia organisms represent two distinct 
groups and, in particular, whether environmental strains cause 
human infections, either de novo or through adaptation. In 
respect to the latter, in longitudinal studies of R cepacia- 
colonized patients with CF, there is no phenotypic evidence of 
adaptation in vivo, which is so characteristic of mucoid al- 
ginate-producing Pseudomonas aeruginosa (27). Previous re- 
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FIG. 1. Soft rot of onion segments inoculated with A cepacia clinical isolate 
J2315 (left) and an uninoculated, undamaged control (right), both incubated at 
30°C for 72 h. 



ports (12, 44) concluded that the two groups of B. cepacia are 
distinct and that clinical isolates do not have the ability to act 
as phytopathogens; however, this distinction is unfounded 
since most clinical isolates, including epidemic strain J2315, 
readily cause soft rot of onions (Fig. 1). In turn, evidence that 
environmental isolates have the ability to cause human infec- 
tion is provided by the macerated, hyperkeratotic foot lesions 
encountered by troops during swamp training, known as 
swamp rot (41). The distinctive phenotypic properties of mul- 
tiresistant epidemic B. cepacia isolates, including J2315 (14, 
37), suggest that a subpopulation of B. cepacia may have a 
predilection for the lungs of patients with CF. Recent evidence 
(37) that such strains possess characteristics of B. cepacia and 
the closely related phytopathogen Burkholderia gladioli and 
that the genomic constitution of B. cepacia may facilitate ge- 
netic rearrangements (7) supports speculation that the transi- 
tion of environmental B. cepacia isolates from phytopathogen 
to pulmonary colonization in patients with CF is enhanced by 
intraspecies adaptation or the emergence of bacterial hybrids 
of the two species. 

At present, unequivocal statements on the potential of en- 
vironmental B. cepacia isolates to cause infections in patients 
with CF and in other immunocompromised hosts are frus- 
trated by our scanty knowledge of the virulence factors and 
mechanisms of pathogenesis involved (27). The recent devel- 
opment of mutant mice with CF (9) and the demonstration 
that B. cepacia J2315 causes pneumonia in mice with CF but 
not in control animals (8) provide a useful model to investigate 
the pathogenic potential of environmental B. cepacia isolates 
for patients with CF. 
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Case Management — Continued 

fore and after learning HIV-positive results indicate a decline in high-risk behavior the 
findings in this report likely underestimate the behavior changes. 

Transmission of HIV can be interrupted by assisting persons with HIV infection in 
reducing their unsafe sexual and drug-use behaviors. HIV-prevention case manage- 
ment is an early intervention strategy to provide this assistance through counseling 
education, psychosocial referrals, and behavioral skills training (7). Since 1992, Hlv- 
prevention case management has been identified as a specific program priority for 
state and local health departments and community-based organizations (CBOs) re- 
ceiving HIV-prevention funding from CDC ( 1 ). CDC directly funds 19 CBOs to provide 
HIV-prevention case management, and many health departments have implemented 
this HIV-prevention service. 
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Pseudomonas cepacia 
at Summer Camps for Persons with Cystic Fibrosis 

Pseudomonas cepacia (PC) is a multidrug-resistant, gram-negative bacillus that 
causes chronic colonization and infection of the respiratory tract of persons with cystic 
fibrosis (CF). PC colonization is usually difficult to eradicate with antimicrobial therapy 
and, in some patients, infection is associated with rapid decline in pulmonary func- 
tion, increased hospitalization, and earlier death (7-4). Previous studies have 
suggested person-to-person transmission of PC both within and outside of hospitals 
{2,3,5-7 ). However, possible transmission of PC at CF summer camps— sites for physi- 
cal and psychosocial therapy for many patients— has not been well characterized. To 
assess the risk for PC transmission in this setting, in 1987 and 1990, the CF Foundation 
and CDC conducted epidemiologic investigations in four CF summer camps in Michi- 
gan, Ohio, Utah, and Ontario, Canada. This report summarizes the results of these 
studies. 
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Pseudomonas cepacia: Biology, 
mechanisms of virulence, epidemiology 

•if 

Pseudomonas cepacia, originally described as a plant pathogen, has 
emerged as an important cause of infection in altered hosts, particularly in the f 
hospital setting. This organism's ability to survive and proliferate in a variety of 
solutions, medications, and even disinfectants and antiseptics has resulted in 
numerous clusters of common-source nosocomial infections. Many patients 
exposed to P. cepacia are merely colonized, but serious infections, including 
surgical and burn wound infections, bacteremia, meningitis, pneumonia, 
peritonitis, and urinary tract infections, are not rare. The virulence properties of 
this pathogen remain poorly characterized. Recently, P. cepacia has been 
reported in some cystic fibrosis centers as an increasingly frequent pulmonary 
pathogen. This trend has caused considerable concern because of reports of 
occasional cases of fulminant necrotizing pneumonia and bacteremia. Con- 
versely, many patients with CF who become colonized with this organism have 
no ill effects. The epidemiology of P. cepacia in the CF population is unclear, 
but some patients probably acquire the organism from colonized siblings with 
CF. Circumstantial evidence suggests that the organism may also be acquired 
in the hospital. Treatment of infections is exceedingly difficult, particularly in 
patients with CF, because P. cepacia is resistant to a broad range of antibiotics. 
(J Pediatr 1986;108(2):806-812) 
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Pseudomonas cepacia, first described as a cause of soft rot 
in onions in 1950,' is now recognized as an important 
opportunistic pathogen in hospitalized patients and other 
compromised hosts. Although many patients are colonized 
with P. cepacia without noticeable ill effects, others 
experience - severe, life-threatening infections. Recent 
reports from a number of centers 2 7 indicate that patients 
with cystic fibrosis are at particularly high risk for coloni- 
zation and infection with P. cepacia. Indeed, the CF 
population is the principal group affected by P. cepacia at 
the present time. The difficulty in treating P. cepacia 
pulmonary infection in these patients has stimulated 
increasing interest in the microbiology, epidemiology, and 
virulence of this organism. 
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P. cepacia has had a variety of names in the past, % 
including Pseudomonas kingii, Pseudomonas multivo- x 
rans, and EO-1 (eugonic oxidizers group 1), but thej| 
identity of all of these organisms has been clearly estab^ 
lished. 8 - 9 On the basis of nucleic acid homologies, P>; 
cepacia has been found to be closely related to Pseudomoi 
nas mallei and P. pseudomallei (the agents of glanders 
and melioidosis, respectively), P. picketiii (a rare cause ot 
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human infections), and several pseudomonal plant pathoj 
gens. 10 *" It is only distantly related to the much morg 
common and well-known opportunist, Pseudomonas aerfc 
ginosa. Like other members of its genus, P. cepacia ji 
ubiquitous in the environment, where it is frequently 
associated with soil, water, and plants. It is an incredibl| 
versatile organism, capable of utilizing a wide variety of 
nutrients for growth. Suitable substrates range from sin* 
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? pie salts such as ammonium acetate' 2 to complex organic 
' molecules such as 2,4,5-trichlorophenoxyacetic acid, the 
principal herbicide in "agent orange." 13 Even penicillin can 
? serve as the sole source of carbon, nitrogen, and energy. 14 
. This metabolic versatility has been exploited by genetic 
engineering of P. cepacia strains that utilize environmental 
•.chemical contaminants. 

P. cepacia survives in a variety of adverse conditions 
(Table I). It thrives in natural water sources' 516 and can 
^ proliferate in tap or distilled water, 17 ' 8 presumably by 
j -utilizing trace elements and low concentrations of organic 
^.materials. This characteristic, coupled with its resistance 
to a variety of commonly used disinfectants, antiseptics, 
and preservatives, makes P. cepacia a formidable nosocom- 
ial pathogen. 

V Numerous outbreaks of P. cepacia colonization and 
I infection have been caused by contaminated solutions, 
pharmaceuticals, and medical devices. 19 Contaminated 
dilute aqueous quaternary ammonium disinfectant has 
caused epidemics of infection, ultimately leading the 
Centers for Disease Control to recommend against its use 
in hospitals. 18 " 20 In one instance, P. cepacia persisted for 14 
years in an inorganic salts solution "preserved" with 0.05% 
benzalkonium chloride. 12 By gradually increasing the con- 
centration of benzalkonium chloride, strains were easily 
derived that grew in 16% disinfectant. P. cepacia can also 
persist in aqueous chlorhexidine 21,22 and povidone 
iodine. 23 

P. cepacia is virtually nonpathogenic in normal, healthy 
individuals. Even direct injection of contaminated fluids 
into immunocompetent patients may result in only tran- 
sient fever or colonization. 19 22 However, when patients 
have severely altered host defenses (as in the case of burn 
victims or patients with CF) or have indwelling catheters 
or other medical devices, serious infections may occur. 
Reported infections include endocarditis (particularly in 
intravenous drug abusers), 24 bacteremia, 25 postoperative 
and burn wound infections, 26 peritonitis, 27 osteomyelitis 
and septic arthritis, 28 meningitis, 29 and lung abscess and 
pneumonia. 30 32 The infections complicating chronic granu- 
lomatous disease 33 35 are particularly interesting because 
they tend to occur in individuals who have had no prior 
evidence of a host defense problem. 

The association of P. cepacia with pulmonary disease in 
CF was first noted during a study of aminoglycoside 
resistance in pseudomonads isolated from sputum cultures 
in this population. 2 Of the 200 patients studied from 1974 
to 1978, eight were found to be colonized with P. cepacia. 
More recently, some cystic fibrosis centers have reported a 
dramatic increase in the rate of isolation of P. cepacia from 
sputum. For example, at the Rainbow Babies and Chil- 
drens Hospital in Cleveland the annual incidence of 
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Table I. Sources of isolates of Pseudomonas cepacia 
(selected) 



Decayed onions 


Ultrasonic nebulizers 


Soil 


Infant incubators 


Rotting tree trunks 


Respirators 


Tap water 


Humidifiers 


Distilled water 


Pressure transducers 


Saline solution 


Intravenous fluids 


Raw and pasteurized milk 


Normal serum albumin 


Topical anesthetics 


Cryoprecipitate 


Aerosol antibiotics 


Dialysis machines 


Methylprednisolone 


Disinfectants 


Urinary catheter kits 


Baby lotions 



Adapted from Gilardi GL. Lab Management 1983;21:29-32. 



pulmonary colonization with P. cepacia increased from 
3.3% to 8.2% from 1979 to 1983, and the prevalence of 
patients with P. cepacia in their sputum increased from 
5.1% to 20.0%. 36 An increase in the prevalence of P. 
cepacia colonization also was reported by the CF group at 
the Toronto Hospital for Sick Children during a similar 
period. 5,6 Despite these reports, the magnitude of the P. 
cepacia problem in CF remains undefined. It is possible 
that the apparent increase in the prevalence of P. cepacia 
in some centers is, at least in part, an artifact of increased 
laboratory awareness, and this may be exacerbated now 
that efficient selective culture media are available. 37 38 
Most centers have noted only sporadic isolates of P. 
cepacia. In other centers, such as St. Christopher's Hospi- 
tal for Children in Philadelphia, the incidence of P. cepacia 
isolations has not changed dramatically, and the preva- 
lence of colonization has gradually declined (Dr. D. 
Schidlow, personal communication). 

The appearance of P. cepacia in the CF population has 
caused considerable alarm, not only because of the increas- 
ing number of colonized patients being recognized at some 
centers but also because some investigators have reported 
that colonization tends to be associated with accelerated 
clinical deterioration. Thomassen et al., 39 in Cleveland, 
noted that patients colonized with P; cepacia seemed to 
have more serious lung disease and a poorer prognosis than 
patients colonized only with P. aeruginosa. Isles et al, 6 in 
Toronto, found that some patients, particularly girls and 
young women, who acquired P. cepacia experienced a 
rapid decline in pulmonary function. 6 A small subset of 
patients who had been clinically stable with relatively mild 
lung disease experienced an acute, fulminant course char- 
acterized by high fever, elevated sedimentation rate and 
white blood cell count, progressive pulmonary failure, and 
death. Pathologic examination of the lung revealed severe 
necrotizing pneumonia. From 1977 to 1981, isolation of P. 
cepacia from patients who died increased from 17% to 
42%. Similarly, four young adult women in Cleveland had 
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relentless deterioration, leukocytosis, spiking fevers, and 
death within several weeks to a few months after coloniza- 
tion with P. cepacia, 40 P. cepacia was recovered from blood 
cultures in all four patients. P. cepacia bacteremia in CF 
patients is striking; P. aeruginosa, the. organism that 
colonizes the vast majority of patients with CF, virtually 
never causes bacteremia. 3, 41 

Although these reports are of great concern, many 
patients colonized with P. cepacia have no detectable 
change in their clinical course, 39 - 42 and certain patients 
colonized with P. aeruginosa experience unpredictable, 
sudden pulmonary deterioration. Moreover, regardless of 
whether the lung is colonized with P. cepacia or P. 
aeruginosa, CF pulmonary disease is ultimately lethal. 
Carefully controlled epidemiologic studies in a large CF 
population will be required to establish the true virulence 
of P. cepacia. A recently completed study at St. Christo- 
pher's Hospital for Children, performed in collaboration 
with the Centers for Disease Control, represents an impor- 
tant first step. 7 This case-control study suggested that 
patients colonized with P. cepacia tend to be hospitalized 
longer and die sooner than comparison subjects matched 
for severity of illness. However, the matching criteria used 
in this study (mild, moderate, and advanced disease 
categorized by Schwachman score 43 ) are broad and subjec- 
tive, and it may be difficult for any single center to define a 
sufficient number of controls matched by more precise 
indicators of the severity of underlying pulmonary dis- 
ease. 

It is not clear how patients with CF initially become 
colonized with P. cepacia. Patients probably encounter the 
organism frequently in the community, and colonization 
may be favored by the selective pressure of the prolonged 
oral antibiotic therapy. Accumulating evidence suggests 
that many patients acquire P. cepacia either in the hospital 
or through contact with colonized siblings. The clustering 
of P. cepacia in a few centers implies that acquisition of the 
organism may be associated with specific hospital expo- 
sures or practices. Moreover, colonization appears to be 
correlated with recent or concurrent hospitalization 7 - 36, 39 or 
a recent visit to a hospital clinic (Dr. D. Schidlow, personal 
communication). In studies not involving CF patients, 
contaminated topical anesthetics 44 and solutions used in 
bronchoscopy, aerosolized antibiotics, 45 and contaminated 
nebulizers 30 - 46 all have been associated with P. cepacia 
pulmonary colonization and infection. Inadequate disinfec- 
tion of inhalation therapy equipment was an important 
cause of gram-negative pulmonary infection until the 
danger was recognized in the last decade. 47 Therefore, 
investigators in several centers performed extensive culture 
surveys to detect P. cepacia contamination of the 



hospital environment. To date there has been no convinc- 
ing evidence for an environmental reservoir in CF cen- 
ters. 

Attempts to demonstrate person- to- person spread of P. 
cepacia have yielded tantalizing clues, but the extent o£ 
transmissibility among CF patients is unclear. The risk of| 
P. cepacia colonization is significantly increased if af| 
sibling harbors the organism. 7 - 36,39 Analysis by biotyping,|| 
serotyping, bacteriocin typing, and antibiograms suggests | 
that some sibling pairs are colonized by the same strain. 48 Jf 
Aside from this apparent sibling-to-sibling spread, direct^ 
evidence that P. cepacia is transmitted from person to ■ 
person, either in the hospital or in other settings where CF 
patients congregate, has been difficult to obtain. Neverther 
less, the possibility that P. cepacia might be acquired by 
contact with colonized patients has produced considerable 
anxiety in the CF community. In Cleveland, the CF group 
has responded by instituting a variety of procedures to 
reduce the risk of transmission, including physical separa- 
tion of colonized and noncolonized patients in the hospital, 
reeducation of the staff concerning basic infection control 
procedures, and institution of separate summer camps. 
These measures have been associated with a sharp decline 
in the incidence of P. cepacia colonization, from 8.2% in 
1983 to 1.7% in 1984. 36 Further studies are needed to 
confirm the efficacy of these precautions, which signifi- 
cantly alter the care routine and social life of CF 
patients. 

Antimicrobial therapy for P. cepacia infections poses a 
significant challenge, because this pathogen is routinely 
resistant to many agents. In fact, resistance to the poly- 
myxins and aminoglycoside antibiotics is useful in distin- 
guishing this organism from other pseudomonads in the 
laboratory and in designing selective culture media. 37 - 38,49 
P. cepacia is also resistant to first- and second-generation- 
cephalosporins and traditional antipseudomonal penicil- 
lins, such as ticarcillin. This is not surprising, because an J 
inducible ^-lactamase has been demonstrated in P. cepa-\ 
cia, which hydrolyzes many cephalosporins and penicil-J 
lins. 50 Until recently, the most effective antibiotics avail- J; 
able for the treatment of P. cepacia infections wereP 
trimethoprim-sulfamethoxazole and chloramphenicol 
c0 li9.44,5i.52. tnese antibiotics may still be useful in certain] 
clinical settings. Treatment of CF poses a special problem? 
few strains remain susceptible to TMP-SMZ or chloram| 
phenicol, and the aminoglycoside and penicillin antibiotics; 
used to treat P. aeruginosa infections will increase the, 
selective pressure favoring colonization with P. cepacia 
Further studies are required to determine how the growing 
popularity of aerosolized antibiotics, such as polymyxin^ 
carbenicillin, and tobramycin, in CF centers may affect* 
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Table II. Serotyping of Pseudomonas cepacia 











Serotype* (%) 










Isolate source 














Multi- 


Non- 




1 


la 


lb 


II 


Ml 


IV 


type 


typable 


Reference 


CF patients (n - 112) 


50.9 


2.7 


0.9 


0 


1.8 


3.6 


33.8 


6.3 


Klinger et al" 


Non-CF patients (n = 65) 


7.6 


6.2 


3.1 


0 


10.8 


7.7 


33.8 


30.8 


Klinger et al" 


Environmental (n = 34) 


8.8 


8.8 


0 


0 


2.9 


0 


8.8 


70.7 


Klinger et al" 


Non-CF patients (n - 137) 


21.4 


31.7 


30.3 


8.3 


8.3 


t 


t 


t 


Jonsson 64 



. *Perceniagc of total strains (per source group) for indicated serotype. 
' fSerotype IV not described at time of study. 64 
jPolyaggluiinaling (multiiypc) and nontypable strains not indicated.* 4 



colonization with P. cepacia. 45 -* In addition, aerosol equip- 
ment might become contaminated with P. cepacia, result- 
ing in aerosolization of the organism into the lung. 47 - 54 

Recently developed antibiotics, including several third- 
generation cephalosporins, thienamycin (imipenem), 
aztreonam, and ciprofloxacin, demonstrate some in vitro 
activity against P. cepacia"" Of these agents, ceftazidime 
was believed to be particularly promising because most 
strains from patients with CF are susceptible in vitro. 58 
Initial clinical experience with ceftazidime in the treat- 
ment of patients with P. cepacia infection, however, has 
been variable. Gold et al,, 60 administered 18 courses of 
ceftazidime to 14 CF patients with severe chronic lung 
disease. Clinical improvement occurred with six treatment 
courses. Eight treatment courses were classified as failures, 
and four patients died after six, seven, eight, and 29 days of 
therapy, respectively. These therapeutic failures could not 
be attributed to the development of resistance to ceftazid- 
ime because resistance was found in only one patient. 60 
Subsequently, the same group treated a less severely ill 
population of colonized patients. 42 Most patients improved 
clinically, as generally can be expected when CF patients 
are hospitalized and given antibiotics intravenously. 61 Cef- 
tazidime significantly decreased P. aeruginosa in the 
sputum, but there was no reduction in the density of P. 
cepacia. Kercsmar et al. 62 and Blumer et al. 63 also noted 
clinical improvement after ceftazidime administration in 
the majority of patients who had failed to respond to 
conventional therapy. 

Inasmuch as none of the antibiotics currently under 
development is likely to have a major impact on P. cepacia 
pulmonary infection in patients with CF, future research 
will focus on ways to prevent acquisition. Standard infec- 
tion control techniques will eliminate the usual hospital 
reservoirs of P. cepacia. Barrier precautions may prove 
useful in limiting person-to-person transmission, should 
this prove to be a frequent occurrence. The development of 



stable, reliable microbiologic typing systems would greatly 
facilitate study of the epidemiology of P. cepacia and 
permit a more rational approach to preventing further 
spread of the organism in the population with cystic 
fibrosis. Several typing systems have been proposed, but all 
must be considered preliminary. The first system to be 
described was based on 139 human isolates of EO-1 from 
the collection of the Centers for Disease Control. 64 Five 
serotypes (I, Ia, lb, II, and III) were described, with types 
Ia and lb most frequently encountered. Recent studies 
have defined an additional serotype, IV. 65 When recent 
isolates from CF patients, other patients, and environmen- 
tal sources were serotyped, it was discovered that a large 
proportion of the CF isolates were type I, compared with 
only 8% of strains from other sources (Table II). Many 
strains (particularly from environmental sources) aggluti- 
nated in multiple antisera or were nontypable, limiting the 
usefulness of this system in its present form and suggesting 
the existence of additional serotypes. 

Two other serotyping systems have been described in the 
past few years and have been used in limited epidemiologic 
studies. A French group 66 serotyped 285 isolates using a 
combination of seven O (somatic) and five H (flagellar) 
antisera. Strains from nosocomial outbreaks of P. cepacia 
in medical and surgical units in the Strasbourg area 
tended to have the same serotypes. For example, strains 
from a cluster of infection caused by contaminated bron- 
choscopes were serotype 05H5. Another system of 10 
serogroups has been described by Japanese investigators. 67 
With this system all but 12% of 105 strains could be 
serotyped. 

Two biotyping systems have been proposed for P. 
cepacia. 6 * 69 These systems are appealing because each 
relies on a small number of biochemical reactions that 
could be performed easily by most laboratories. With these 
systems P. cepacia can be separated into four 63 - 68 and 
eight 69 biovars, respectively. P. cepacia can also be charac- 
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terized by bacteriocin production and sensitivity. 70 Very 
recently, Govan et al. 71 reported that 95% of 400 strains 
were typable, falling into 44 cepacian types. Strains from 
documented outbreaks tended to have the same bacteriocin 
production and sensitivity patterns. 

Very little is known about the virulence properties of P. 
cepacia. In the initial report by Burkholder 1 and in several 
subsequent studies, 72 50% to 79% of P. cepacia strains have 
had protease (gelatinase) activity. McKevitt and Woods 73 
screened 48 P. cepacia isolates from patients with CF and 
found that the majority were proteolytic. Most strains also 
produced lipase; no exotoxin A- or exotoxin S-like activi- 
ties were detected. At least one metalloproteinase of P. 
cepacia has been partially characterized. 74 Studies of 
proteolytic activity in P. cepacia are of particular interest, 
and proteases are believed to be important in the pathogen- 
esis of P. aeruginosa pulmonary infections. Purified prote- 
ases from P. aeruginosa produce significant pulmonary 
damage when directly instilled into the lungs of experimen- 
tal animals. In addition, recent work suggests that prote- 
ases of P. aeruginosa are the primary virulence factors in 
acute experimental pneumonia in guinea pigs. 75 

Some strains of P. cepacia are capable of synthesizing 
phenazine pigments similar to those of P. aeruginosa. 16 
The conditions for optimal pigment synthesis and the 
frequency of this trait among clinical strains are not 
known, but it is interesting to speculate on the extent to 
which these pigments may inhibit lymphocyte prolifera- 
tion, as is seen with P. aeruginosa. 77 

Despite the in vitro demonstration of these virulence 
properties, P. cepacia has little virulence in animal models. 
Using a guinea pig model of Pseudomonas pneumonia in 
which intratracheal inoculation of 10 7 colony-forming 
units of P. aeruginosa reliably produces acute severe, fatal 
necrotizing pneumonia, 78 greater inocula of P. cepacia 
were required to produce even mild disease. An isolate 
from a patient who died of necrotizing P. cepacia 
pneumonia was no more virulent in this model than a strain 
from a colonized patient (J. Pennington, personal commu- 
nication). In preliminary experiments (data not shown), we 
have seen persistence of P. cepacia for at least 2 weeks in a 
rat model of chronic pulmonary infection. 79 Pathologic 
changes were similar to those observed using P. aerugino- 
sa, and no animals died (data not shown). P. cepacia is 
considerably less virulent than P. aeruginosa in the 
burned-mouse model, whether the organisms are injected 
intraperitoneally or inoculated onto the burned skin. 80 
However, a highly proteolytic isolate from a patient with 
CF was found in cultures of the liver 5 days after 
inoculation of the burn wound, suggesting that bacteremia 
had occurred. A recent report by Brauner et al. 26 may 
provide a clinical corollary to this observation. Two cases 



of P. cepacia bacteremia were noted subsequent to burnf 
wound colonization, and strains from both patients weref 
gelatinolytic. 

Considerably more work will be needed to determinej 
how P. cepacia produces infections in humans. Because P. j 
cepacia infections can no longer be considered rare and are | 
very difficult to treat, especially in patients with CF, there f 
is an urgent need for further research. f, 

*-■ 
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Burkholderia cepacia: medical, taxonomic and 
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The increasing challenge posed by multiresistant saprophytes in medical microbiology is 
strikingly demonstrated by the emergence of Burkholderia (formerly Pseudomonas) 
cepacia as an opportunist pathogen in immunocompromised patients, particularly 
individuals with chronic granulomatous disease and cystic fibrosis (CF). Best known 
previously as a phytopathogen and the cause of soft rot of onions, B. cepacia presents 
three major problems for the CF community: innate multiresistance to antimicrobial 
agents; person-to-pcrson transmission of epidemic strains through nosocomial or social 
contacts; and 'cepacia syndrome 1 , a fulminating fatal pneumonia, sometimes associated 
with septicaemia, that occurs in approximately 20% of colonised patients, including 
those with previously mild disease. Accumulated evidence to dispel earlier suggestions 
that the organism is avirulent and merely a marker of existing lung disease includes: 
case-controlled studies in CF patients; reports of serious infections in non-CF patients; 
in-vitro and in-vivo evidence that H. cepacia induces production of pro-inflammatory 
markers, including the major cytokine TNFa; and histopathological evidence that 
exposure of transgenic CF mice to B. cepacia results in pneumonia. By the early 1990s, 
the use of selective culture media and DNA-based bacterial fingerprinting confirmed 
suspicions of epidemic person-to-person spread of fl. cepacia. This evidence provided 
scientific justification for draconian and controversial measures for infection control, in 
particular, segregation of B. tvpacto-colonised patients during treatment at CF centres 
and their exclusion from social gatherings and national conferences. Recently, molecular 
analyses of type strains and clinical isolates have revealed that isolates identified 
previously as B. cepacia belong to at least three distinct species and have increased 
concern regarding the reliability of current laboratory detection and identification 
systems. Clarification of the taxonomy of B. cepaciaAlke organisms and the pathogenic 
potential of environmental Isolates remains a high priority, particularly when the 
organism's antifungal and degradative properties have created interest in its potential 
use as a biological control agent to Improve crop yields and its use for the 
bioremediatiun of contaminated soils. 



Introduction 

The development of multiresistance in major 
micmhial pathogens is well-recognised; in con- 
tmst. little attention has been paid to the 
pathogenic potential of naturally resistant envir- 
onmental saprophytes '. 

Known originally as a phytopathogen, Burkholderia 
cepacia (previously Pseudonwnas cepacia, P. multi- 
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varans, P. kingii, 'Fugonic oxidiser T) exhibits 
impressive nutritional versatility. Some microbes have 
an inherent or acquired ability to degrade antibiotics, 
but few have the ability to use penicillin as a sole 
carbon source [I] or to reduce onions to a macerated 
pulp! The earlier name, P multivnruns. reflected the 
organism's omnivorous appetite, but it was not until 
1950 that its pathogenic potential was recognised 
when Burkholder identified the organism as the cause 
of soft rot of onions — particularly 'compromised' 
onions damaged during harvesting — and provided an 
appropriate species epithet (Latin: cepia = onion) [2]. 
In the early 1990s, following taxonomic re-appraisal, 
the RNA group II pscudomonads were recognised as 
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the new genus Burkholderia, with B cepacia as the 
type species [3]. At present, the genus Burklwlderia 
comprises B cepacia, B gladioli B mallei B 
pseudomaltei. B canaphytli and recently added lo 
the group, B plantarii, B gfuntae, B vandii [4], B 
cocovenenans [5] and B. vietnamiensia [6]. 

The general characteristics of B cepacia include the 
following: gram -negative, non-spore-forming, aerobic 
bacillus; motile with a respiratory metabolism and 
typically catalase- and oxidase-positive; various non- 
fluorescent pigments may be produced and poly-/i- 
hydroxyalkanoates can be accumulated as reserve 
materials; the optimal temperature for growth is 30- 
35°C [7]. Recently, elegant molecular analyses have 
provided scientific evidence that may account for the 
organism's impressive versatility, including multilocus 
linkage disequilibrium analysis of environmental 
populations [8]— which suggested an extraordinarily 
high rate of recombination in B. cepacia relative to 
binary fission— and demonstration of multiple repli- 
cons and insertion sequences in type strains [9, 10]. 

The natural habitats of B. cepacia have been described 
as soil, water and vegetation [11]. However, it is a 
common but erroneous belief that B cepacia is a 
ubiquitous saprophyte sharing similar environmental 
habitats with Pseudomonas aeruginosa and other 
pseudomonads. Extensive surveillance studies have 
shown that culture of B cepacia from natural sources, 
including soil, water and plants, or from hospitals, 
fbodstores, restaurant salad bars and patients' homes is 
surprisingly difficult, with detection rates of only 1- 
16% [12-16]. 

In agricultural microbiology, ecological awareness and 
an increasing incidence of pesticide-resistant patho- 
gens have led to interest in B cepacia as a potential 
agent for biological control and soil decontamination. 
B. cepacia produces several antimicrobial agents, 
including pyrrol nitrins, altericidins, cepaiycins and 
bacteriocin-like agents [17-20], that inhibit bacterial 
and fungal phytopathogens and suppress tobacco wilt 
and other plant diseases [21]. B cepacia is also 
capable of degrading industrial waste and herbicides, 
including 2,4,5-trichlorophcnoxyacetic acid (2,4,5-T), 



the principal ingredient of the highly potent 'agent 
orange* [22]. Indeed, B. cepacia has been shown to 
degrade 2,4,5-T in heavily contaminated soils at a rate 
up to 20000-fold greater than other known degrada- 
tive bacteria [23]. 

In contrast to its potential agricultural benefits, B. 
cepacia has also emerged as a multircsistant oppor- 
tunist human pathogen, leading to concern about the 
relationship between environmental and clinical iso- 
lates [14,24-26] and the potential hazards of releas- 
ing 0. cepacia as a biological control agent [14,24]. 
This review will provide an update on microbes 
currently described as B. cepacia , with particular 
focus on clinical, taxonomic and ecological issues 
(Table 1) associated with pulmonary infection in 
patients with cystic fibrosis (CF). 

The emergence of B. cepacia as a human 
pathogen 

Before the early 1980s, reports of human infections 
caused by B, cepacia were sporadic and generally 
restricted to hospitalised patients exposed to contami- 
nated disinfectant and anaesthetic solutions in which 
this nutritionally adaptable saprophyte survives for long 
periods. Infections included those of soft tissues and 
the respiratory and urinary tracts, but bacteremia also 
occurred, sometimes associated with endocarditis and 
septic shock [27-3!]. A rising incidence of B cepacia 
infection was noted during the early 1980s and, 
although in some cases culture of B. cefmcia was 
thought to reflect mere colonisation or contamination 
rather than infection [11,32], extensive analyses of 
USA databases of nosocomial infections confirmed a 
significant increase in clinically significant B. cepacia 
infections [33,34]. The apparent propensity of B. 
cepacia to cause fatal pulmonary infections, as 
suggested by these analyses, is emphasised in patients 
with chronic granulomatous disease (CGD)— in whom 
B. cepacia pneumonia and septicaemia arc life- 
threatening [35, 36]— and in its emergence as a major 
pathogen in patients with CF [37-39). By the 1990s, 
disturbing reports also emerged of fatal cases of B. 
cepacia pneumonia and septicaemia in previously 



Tablet. Major issues associated with B. cepacia and cystic fibrosis (CF) 
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healthy individuals (40,41]. Community -acquired B. 
cepacia infections are uncommon, but the organism's 
pathogenic potential and the financial implications of 
antimicrobial therapy were recently strikingly demon- 
strated when an offshore oil worker developed multiple 
brain abscesses secondary to suppurative otitis media. 
Therapy involved four neurosurgical operations, an 
extensive period of hospitalisation and an antibiotic bill 
of £10K [42]. 

The above case also demonstrated an interesting and 
unexplained variability in antibiotic susceptibility 
profiles that has been observed in serial B. cepacia 
isolates from single patients and during epidemic 
outbreaks [43-46]. The mechanism responsible for 
variable susceptibility is unclear, but may be asso- 
ciated with the observation that migration of insertion 
sequences within the B. cepacia genome can affect the 
expression of genes that modulate antibiotic resistance 
[471. 

B. cepacia and cystic fibrosis 

During the last decade, the major clinical interest in B, 
cepacia has focused on its addition to the relatively 
narrow spectrum of microbial pathogens responsible for 
debilitating and ultimately fatal pulmonary infections 
in patients with CF [26,39,48,49]. In the late 1980s, 
surveillance studies in the UK indicated a maximum 
prevalence of 7% [39, 50-52]; however, in some CF 
centres this later increased to approach the prevalence 
of 40% described in contemporary North American 
studies [53]. The three major issues concerning B. 
cepacia can be summarised as follows: I, the clinical 
risk of rapid and fatal pulmonary decline, even in 
patients with previously mild disease; 2, paticnt-to- 
patient spread of epidemic strains within and between 
regional CF centres and between centres in the UK and 
North America; and 3, the innate multiresistancc of 
most B. cepacia isolates to available antibiotics — 
which deprives patients of effective antimicrobial 
therapy [46, 54]— combined with the failure to reduce 
the bacterial population in sputum and a relatively poor 
clinical response even when the colonising strain 
exhibits in- vitro susceptibility. 

The clinical significance of B. cepacia in CF patients 
was first described in 1984 in a seminal report by 
Isles et ai [37]. In addition to noting the increased 
prevalence of B. cepacia colonisation in patients 
attending Toronto clinics, Isles et at. described a 
rapid and unexpected clinical decline, including 
necrotising pneumonia and bactcracmia, that occurred 
in c. 20% of colonised patients. This acute clinical 
decline is sometimes referred to as 'cepacia syn- 
drome' [37]. It is important to note that acute clinical 
deterioration and bacterial spread to sites other than 
the lung is not observed with the other major CF 
pathogens, Staphylococcus aureus. Haemophilus influ- 
enzae and P aeruginosa. 



The second major issue relating to B. cepacia arose in 
the mid 1980s as an increasing — but scientifically 
unproven — conviction held by some CF carers that the 
clustering of cases in some large North American 
clinics had arisen from cross-infection. At that time, 
an alternative explanation for clustering was the 
difficulty in culturing this relatively new pathogen 
from CF sputa [48]. As evidence, in a controlled study 
involving 115 North American CF centres, only 36 
(31%) cultured the organism successfully from a 
seeded sputum specimen [55]. However, by the early 
1990s, the availability of selective culture media [48] 
and awareness of the organism's cultural idiosyncrasies 
[56] indicated that regional variation in the prevalence 
of B. cepacia colonisation could not be explained 
simply by laboratory methodology. Furthermore, the 
development and use of bacterial fingerprinting 
techniques—including multilocus enzyme electrophor- 
esis (MLEE), pyrolysis mass spectroscopy, PCR- 
ribotyping and pulscd-ficld gel electrophoresis 
(PFGE) — provided compelling evidence for pcrson- 
to- person spread of B. cepacia through nosocomial 
and social contacts (Table 2) [25, 37, 46, 57 75] and, 
occasionally, in the absence of proven sputum 
colonisation [67]. Epidemiological data also provided 
scientific justification for the introduction of guidelines 
by national CF organisations to improve personal and 
hospital hygiene and, more controversially, for the 
implementation of segregation policies to limit contact 
between colonised and non-colonised individuals [76]. 
Surveillance studies show that segregation undoubtedly 
reduces the incidence of B. cepacia cross- in feet ion 
[38, 62, 71, 77], but the strategy has not eliminated 
acquisition. Furthermore, the logistic and social 
consequences of draconian infection control measures 
reminiscent of mediaeval approaches to leprosy have 
not been accepted universally. In particular, the need 
for such measures has been questioned fiercely by 
patients and care-givers in CF centres where intensive 
surveillance has not revealed a high incidence or 
prevalence of B. cepacia colonisation. 

A pathogen or a marker of lung disease? 

In the 1970s, some microbiologists and clinicians 
considered 5. aureus to be the only true microbial 
pathogen in CF patients and viewed P aeruginosa as 
merely a marker of disease. A similar doubt has 
accompanied the emergence of B. cepacia and has 
exacerbated the controversy surrounding segregation of 
colonised individuals. In discussions of any potential 
opportunist pathogen, it is easy to find evidence of 
asymptomatic carriage; even Salmonella typhi and 
Vibrio cholerae do not invariably exhibit pathogenicity! 

Clarification of the clinical relevance of B. cepacia is 
also thwarted by the fact that the available scientific 
evidence requires particularly careful analysis. There 
is an inclination to link bacterial transmissibility and 
virulence, and to categorise individual B. cepacia 
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Table 2. Evidence for and against person-to-person transmission of B. cepacia 



Reference 



Comments 



A. Evidence in favour of person- 
Isles et ai [37] 
Thomassen et at. [57] 
LiPuma et at. [58J 
Li Puma et at. (59] 
Anderson et af. [60J 
Millar-Jones et at. [61] 
Govan et at. [62] 

Smith et at. [63] 
Bingcn et at. [64] 
Corkill et at. [65] 
Pegues et at. [66] 
Johnson et at. [25] 
LiPuma et at. [67] 
Ryley el ai. [68] 
Sun et a/. [69] 
Revets et ai. [70] 
Whitcford et at. {71] 
Pitt et at. [46] 



to-person transmission 

Seminal paper: noted rising incidence of A cepacia and cepacia syndrome in Canadian clinics 

Fall in incidence after segregation 

Prevalence of one ribotypc in individual clinics 

Ribotyping demonstrates person-to-pcrson spread between two patients at a CF camp 
Nosocomial outbreak 
UK nosocomial outbreak 

Genotypic fingerprinting and extensive epidemiological data provides compelling evidence of 

person- to-pcrson spread through social contact in and between two UK CF centres 
Further UK outbreak with transmission in clinical and social settings 
International consensus confirming B. cepacia transmissibility 
Highlights transmission particularly at UK CF events 
Demonstration of transmission at USA CF camps 
Intercontinental spread of Edinburgh/Toronto strain ETI2 
Inapparent transmission from cullurc-ncgutive patient (?) 
Further UK outbreak 

Cable pili demonstrated on intercom inental strain (ETI2) 
Prevalent strain in Belgian clinic 
Outbreak in UK paediatric clinic 

Strain ETI2 prevalent in UK clinics: accounting for 38% of cases 



D. Coses with no evidence of person -to-person transmission 

Glass and Govan [72] No transmission of pathogenic strain between siblings 

llurdy et ai. [73] No transmission to uncolonised patients during hospitalisation 

Taylor et at. [74] No transmission in UK unit before segregation 

Steinbach et at. [75] No transmission in large CF unit despite no segregation of hospitalised patients 



strains as either transmissible and virulent, or non- 
transmissible and avirulent. There is no scientific 
justification for this view. In epidemic outbreaks in 
which patients are colonised by the same strain, some 
patients may remain asymptomatic whilst other 
individuals succumb to rapid and unexpected fatal 
deterioration [37,62]. In the case of transmission, 
epidemiological evidence has clearly identified 
lineages with enhanced transmissibility [25, 46, 62, 
69]; however, based on present knowledge, it cannot 
be stated with confidence that a strain inherently lacks 
the ability for epidemic spread. Furthermore, appar- 
ently 'non-transmissible' strains that have not spread 
even to a patient's CF sibling have been responsible 
for fatal infection [72]. Finally, it could be argued that 
transmission is not strain-dependent, but is associated 
with nosocomial or social opportunities for transmis- 
sion. This hypothesis is certainly not supported by the 
behaviour of the particular B. cepacia lineage with a 
notorious ability to spread in CF centres in the UK 
[46, 62] and North America [25, 69], referred to as the 
Edinburgh/Toronto lineage [69] or ET12 interconti- 
nental clone (multilocus enzyme electrophoresis type 
12) [25], For convenience, this particular B. cepacia 
lineage will be referred to as the ETI2 lineage in the 
remainder of this review. 

Some CF carers who have experienced transmission of 
B. cepacia amongst small numbers of their patients 
have argued against segregation on the grounds that 
no significant clinical deterioration was observed and 
that implementation of such draconian measures 
stigmatises patients and prevents valuable social 
contacts with other CF patients [70]. However, the 
hypothesis that B. cepacia is transmissible but merely 
a marker of pulmonary deterioration can be chal- 



lenged. A recent retrospective study of the clinical 
status of B. ce/?flc/a-colonised adults in the 24-month 
period before colonisation found no difference in their 
lung function, number of days in hospital or outpatient 
visits [77]. Furthermore, in numerous case-controlled 
studies involving large numbers of patients, B. cepacia 
colonisation has been associated in some but not all 
patients with an accelerated decline in pulmonary 
function and a poor prognosis [71,77-81]. Most 
studies have reported that the risk of clinical 
deterioration on acquisition of B. cepacia is increased 
in adult patients with severe disease [78-80]. This 
contrasts with an epidemic outbreak of B. cepacia 
among children, in whom the dominant impact on 
respiratory function was greater in patients with better 
levels of respiratory function [71]. Explanations for 
the range of clinical responses associated with B. 
cepacia colonisation and inability to predict the 
clinical outcome in individual patients could include: 
I, differences in strain virulence; 2, the relatively low 
20% *strike rate' of cepacia syndrome; 3, the influ- 
ence of co-colonisation by other pathogens; 4, the age 
at which colonisation occurs; 5, individual host 
immune responses; and 6, the severity of underlying 
CF disease. 

The hypothesis that B. cepacia colonisation is merely 
a marker of severe lung disease is also undermined by 
the fact that fatalities have occurred in CF adults with 
mild CF disease, including individuals not already 
harbouring P. aeruginosa [62]. Finally, one of the most 
striking results from the first microbiological studies 
in transgenic CF mice showed that 70% of CF mice 
exposed to B. cepacia succumbed to more severe 
broncho-pulmonary infection than control animals 
[82]. 
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The Edinburgh/Toronto/ET12 epidemic lineage 

In reviewing the emergence of B. cepacia in CF 
populations in Europe and North America, it is 
necessary to emphasise the influence of epidemic 
lineages on the incidence and prevalence of B. cepacia 
within CF centres. Evidence shows that the incidence 
in a centre can be influenced greatly by the epidemic 
spread of a single lineage, and that if such spread is 
discounted then the prevalence of B. cepacia in most 
CF centres remains relatively low at 5-10%. Transient 
colonisation by B. cepacia also influences prevalence 
and occurs in c. 5% of CF patients; however, transient 
colonisation is observed very rarely with the ET12 
lineage (authors' unpublished observations), perhaps 
reflecting the high colonisation potential of this clone. 
From a clinical, epidemiological and evolutionary 
viewpoint, the influence of this single clone on the 
CF community is considerable. In the UK. alone, it has 
been isolated in eight (50%) of 16 CF centres and from 
68 (38%) of 178 B. cepacia-ca\onised patients [46]. 
Attempts to identify its origins have been frustrated by 
a lack of stored isolates; however, investigation of 
available isolates allows several conclusions to be 
reached. Based on evidence from MLEE and ribotyp- 
ing [25] and PFGE [46, 62], the first known isolates of 
this epidemic lineage were cultured from Ontario 
paediatric patients in the latter half of the 1980s [25]. 
In the UK, the first recorded isolate of the same lineage 
was in August 1989 [62] from a patient who had never 
been out of the UK nor shown any evidence of B. 
cepacia colonisation during previous bacteriological 
investigations. The patient had previous contacts with 
other UK patients colonised by B. cepacia, but the 
isolates from these patients were not available. 

From the available evidence, it appears that the 
Edinburgh/Toronto/ETI2 lineage was established in 
Canada before its appearance in the UK, and that at 
some stage in the late 1980s, intercontinental spread 
occurred between UK and Canadian patients whilst 
attending summer camps in Ontario, followed by inter- 
regional spread in the UK during social contacts at 
meetings [25, 62]. It is tempting to conclude that this 
highly transmissible strain is clonally related to the 
isolates cultured during the first documented outbreak 
of B. cepacia in CF patients in Ontario, reported in 
1984 [37]. 



Potential pathogenic mechanisms of A cepacia 

Although B. cepacia produces several putative viru- 
lence determinants — including haemolysins, proteases, 
lipases, siderophores and catalase— a major clinical 
rote for these factors has not been demonstrated 
convincingly in CF [83.84]. However, catalase is 
associated with the organism's ability to resist killing 
by professional phagocytes and to produce serious 
infection in patients with CGD [85]. 
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Intracellular survival 

Several puzzling clinical and scientific observations 
have led to speculation that 8. cepacia can survive and 
grow within pulmonary phagocytes or respiratory 
epithelial cells. First, clinical resistance to antimicro- 
bial therapy despite demonstration of an isolated 
susceptibility in vitm; second, isolation of serum- 
sensitive isolates in bacteracmic infection [86]; third, 
chronic pulmonary colonisation despite a pronounced 
antibody response [87]; and fourth, the close taxonomic 
relationship between B. cepacia and the intracellular 
pathogen, B. pseudomallei. However, to date, the 
scientific evidence for intracellular survival or growth 
of B. cepacia is not convincing. Studies of intracellu- 
larity in bacterial pathogens can be difficult and, in the 
case of B. cepacia, are complicated further by the 
organism's innate resistance to antibiotics, including 
aminoglycosides, which are used commonly in intra- 
cellular assays to kill extracellular organisms. As it is 
known that B. pseudomallei survives and multiplies 
within professional phagocytes [88], studies within our 
group have focused on monocytes, with Listeria 
monocytogenes and R aeruginosa as positive and 
negative controls, respectively. However, it was not 
possible to demonstrate cither enhanced uptake or 
survival of B. cepacia in monocytes. Previously, Burns 
[89] reported the observation of B. cepacia within CF 
post-mortem respiratory epithelial cells by electron 
microscopy, but no further data have been published to 
validate this important finding. Low-level invasion in 
vitro of a respiratory epithelial ceil line by the 
epidemic ETI2 lineage has been demonstrated (90], 
but the significance of limited epithelial invasion by 
bacteria remains unclear [91]. A recent and potentially 
seminal publication has even suggested that enhanced 
uptake of CF pathogens by epithelial cells expressing 
surface cystic fibrosis transmembrane conductance 
regulator (CFTR), followed by epithelial desquamation, 
may be an important host defence mechanism rather 
than a bacterial virulence determinant [92 1. 

Overall, the role of intriicellularity in the pathogenesis 
of 5. cepacia infection in CF patients is still in doubt. 
As a caveat, the demonstration of its intracellular 
survival and growth within amoebae . raises the 
possibility that these free-living protozoa may act as 
an environmental reservoir from which CF patients 
could acquire the organism [93]. 

B. cepacia and host immune responses 

Colonisation with B. cepacia is associated with a 
pronounced and specific humoral response, including 
raised scrum IgG and IgA and sputum IgA titres 
against B. cepacia lipopolysaccharide (LPS) and outer- 
membrane protein (OMP) components [87.94]. Anti-fl. 
cepacia antibodies have also been detected in non- 
colonised CF patients, and particularly in patients 
colonised with R aeruginosa [87. 95]. Studies with pre- 
absorbed sera have failed to demonstrate an appreciable 
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degree of cross-reactivity between the two species, 
either for OMP or LPS components [87, 96], suggesting 
that the response to R aeruginosa is not the source of 
pre-colonisation anti-fl. cepacia antibody. Generally, 
levels of anti-Z?. cepacia immunoglobulin in non- 
coloniscd patients are low, but the demonstration of 
substantially raised titres in a subset of patients may 
reflect previous exposure to B. cepacia where an 
appropriate antibody response has prevented the 
occurrence of colonisation. On the other hand, the 
demonstration of antibody in stored pre-colonisation 
sera from patients who subsequently became colonised, 
indicates that antibody does not always play a 
preventative role. Similarly, the role of antibody in 
patients once they are colonised is unclear; for 
example, clinical outcome is independent of the 
magnitude of anti-# cepacia responses [87]. A recent 
study [°7] with immunoblotting techniques has sug- 
gested that IgG antibodies against a 30-kDa OMP, 
identified presumptively as the major immunodominant 
porin, OMP D [95,98], are associated with a better 
prognosis in colonised patients. If these results are 
confirmed, it raises the possibility of using this OMP as 
a target for immunotherapy. 

The association of B. cepacia with CGD, an inherited 
defect in neutrophil oxidative killing pathways, and 
the role of neutrophils as the predominant immune 
effector cell in the CF lung [99], have led to 
speculation that the interaction between 8. cepacia 
and neutrophils may be important in the evasion of 
host defences by this organism. Speert et al. [85] 
demonstrated that, unlike R aeruginosa. B. cepacia is 
resistant to non-oxidative neutrophil killing mechan- 
isms; hence the role of B. cepacia in CGD. Evasion of 
the normal neutrophil oxidative burst would aid the 
survival of B. cepacia in the presence of a pronounced 
immune response. Within the CF lung, normal 
opsonisation processes are compromised severely 
through the disruption of immune effector molecules 
by bacterial and host proteases [100, 101]. In parti- 
cular, cleavage of complement receptors and immuno- 
globulin molecules within the respiratory tract may 
neutralise the humoral immune response to B. cepacia 
and enable the organism to persist in the lungs of 
colonised patients. However, this observation does not 
explain the ability of rough, LPS-dcficient, serum- 
sensitive B. cepacia to cause invasive pneumonitis and 
septicaemia in patients with elevated anti-fl. cepacia 
immunoglobulin titres [86]. 

Inflammatory damage 

Increasing evidence has emerged to suggest that host 
immune responses are important in the pathogenesis of 
B. cepacia infection. A UK multicentre study has 
shown that levels of the inflammatory markers, C- 
reactive protein and neutrophil elastase al-antiprotein- 
ase complex, arc significantly higher during B. 
cepacia -associated exacerbations than in exacerbations 



caused by R aeruginosa alone. Aggressive antibiotic 
treatment with the most active agents available did not 
eliminate B. cepacia, but in most cases was associated 
with a decline in inflammatory markers to pre- 
exacerbation levels [102]. In addition, anecdotal 
evidence indicates that patients who exhibit rapid 
pulmonary decline and pronounced inflammatory 
symptoms, but who do not respond to antibiotic 
therapy, nevertheless respond to treatment with com- 
mercial preparations of immunoglobulin. The relative 
absence of B. cepacia antibodies in healthy human 
donors [87]. from whom these immunoglobulins arc 
obtained, suggests that such preparations contain 
potentially useful anti-inflammatory activity. 

An unexpected but informative result from our own 
studies has demonstrated that LPS from clinical and 
environmental isolates of B. cepacia induces pro- 
inflammatory cytokines, including the major cytokine 
tumour necrosis factor a (TNF«), to a level 10-fold 
that induced by R aeruginosa LPS and matching the 
inflammatory power of Escherichia coli endotoxin 
[103, 104]. The mechanism involved in B. cepacia 
cytokine stimulation is unclear, but is independent of 
CDI4 receptors. Of interest, induction of TNFa by B. 
cepacia LPS is reduced in the presence of R 
aeruginosa LPS, suggesting that the diversity of 
clinical outcomes in patients colonised with B. 
cepacia may be influenced in part by the presence 
or absence of R aeruginosa and other CF pathogens 
[105]. 

What is a true B. cepacia? 

Further research to establish a gold standard for 
laboratory identification of B. cepacia has assumed 
high priority. Reliable identification is important not 
only in attempts to clarify the organism's pathogenic 
potential, but also because of the clinical, social, 
psychological and potentially litigious consequences for 
patients, carers and diagnostic laboratories associated 
with the organism's acquisition and transmission. 
Selective media and laboratory protocols for culture 
and presumptive identification of B. cepacia from 
clinical or environmental sources have been described 
and their value in microbiological surveillance estab- 
lished [14, 48, 56, 106]. However, existing selective 
media also support the growth of other gram-negative 
non-fermenting bacilli [46,48,56] and unequivocal 
identification of B. cepacia by multitest commercial 
systems can present difficulties [44, 56, 106, 107]. 

There is increasing evidence that organisms presently 
identified as B. cepacia by standard laboratory 
procedures exhibit such diverse genotypic and pheno- 
typic properties that attenipis to generalise on 
virulence, transmission and antibiotic susceptibility 
are ill-founded. Simpson et at. [44] speculated that 
epidemic strains may represent a B, cepacia sub- 



population, arising as bacterial hybrids or through 
horizontal transfer of virulence genes from the closely 
related pseudomonads B. gladioli and the highly 
dangerous intracellular pathogen B. pseitdamallei. 
Recently, isolates identified as B. cepacia were 
characterised further by analysis of cellular proteins 
and fatty acid components and clustered by means of 
computer-assisted numerical comparison of the pro- 
files. Representative isolates from individual clusters 
were selected to determine genotypic relatedness 
within and between clusters by means of DNA- 
DNA and DNA- rRNA hybridisation assays. These 
molecular phylogcnetic studies revealed that organisms 
identified by conventional tests as B. cepacia com- 
prised several new Burkholderia spp. [108]. 

According to taxonomic conventions, new species 
names should not be given to bacteria that cannot be 
identified reliably by phenotypic characteristics; 
instead, such groups can be described by the terms 
genomovar I, II, etc. [109]. Following this convention, 
isolates identified as B. cepacia by conventional 
multitest systems such as the API 20NE system 
(APl-bioMcricux, MarcyPEtoile, France) constitute at 
least four different genomovars of B. cepacia; other 
presumed B. cepacia strains are identified as the 
nitrogen-fixing organism B. vietnamiensis. Preliminary 
studies on a small number of isolates have indicated 
that the majority of CF isolates from Belgium and 
the UK tend to cluster in genomovar III [70, 108]. 
Subsequent ongoing analyses of a larger collection of 
environmental, phytopathogenic and clinical isolates 
in our laboratories have confirmed the potential 
importance of genomovar identification. For example, 
the isolate responsible for the first UK report of 
cepacia syndrome [72], and three individual epidemic 
clones including the highly transmissible ET12 line- 
age [25. 44, 62, 69] each belong to genomovar III. It 
should be stressed that B. vietnamiensis and the 
remaining B. cepacia genomovars were also identified 
amongst isolates from CF patients, and that genomo- 
var III status is not synonymous with high trans- 
missibility [72]. Of the 150 *B. cepacia' isolates 
studied to date, most environmental isolates (includ- 
ing the phytopathogenic type strain ATCC 25416) 
belong to genomovar I; in contrast, isolates associated 
with acute clinical decline in CF patients are 
restricted to genomovar HI. These results confirm 
the complex taxonomic heterogeneity within the 
genus Burkholderia and have important diagnostic 
implications for infection control in the CF 
community. 

Unique bacterial clones and B, cepacia 
transmission factors 

Epidemiological data and genomic fingerprinting sug- 
gest that the variable incidence of B. cepacia- -in 
particular, the lack of cross-infection in some centres 
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[75,81], and the contrasting epidemic spread in 
others— reflects the behaviour of a relatively small 
number of highly transmissible clones [46, 69, 1 10- 
112]. 

It seems reasonable to speculate that B. cepacia 
strains responsible for epidemic spread may harbour a 
common colonising factor whose identification could 
be exploited for diagnostic and therapeutic purposes. 
At present, the most significant of these factors is 
adhesion to respiratory mucin [53,113-115], asso- 
ciated with giant intertwined fibres referred to as cable 
pill [53, 1 14], The gene responsible for cable pilL chl, 
has been detected in the highly transmissible ETI2 
lineage, represented by the Edinburgh isolate CF5610 
(J2315) [16, 25, 62, 69, 115], and responsible for B. 
cepacia colonisation in 38% of UK patients [46]. In a 
slightly different form, chl has also been associated 
with epidemic transfer of B. cepacia from CF to non- 
CF patients in a Mississippi outbreak [16,69,115]. 
However, studies with a chl DNA probe indicated that 
cbl is not present in all epidemic clones, suggesting 
that other bacterial and host factors need to be 
identified [69]. Interestingly, a recent study [116] has 
described enhanced binding of the ETI2 lineage to 
lipid receptors, particularly the galactolipid globotrio- 
sylceramide (GB 3 ), and led to speculation that 
uprcgulation of GBj, mediated through the infection 
process and TNF stimulation within the lung, may 
provide an alternative receptor for isolates in which 
cable pili arc poorly expressed and a second receptor 
system for the epithelial attachment of bacteria that 
have migrated through the mucosal blanket. 

Experimental proof of direct or indirect transmission 
of epidemic B. cepacia is not feasible and can be 
judged only by circumstantial evidence. However, 
epidemiological data has strikingly demonstrated such 
potential. Colonisation with more than one strain of B. 
cepacia is unusual and has been reported in <10% of 
patients [46]. During the Edinburgh outbreak, PFGE 
fingerprinting showed that one patient harboured two 
B. cepacia strains in his respiratory secretions, 
including the ET12 clone; however, only the epidemic 
strain was transmitted subsequently to his girlfriend 
[62]. 

Modes of transmission and the risks of 
acquisition 

The potential risks of B. cepacia transmission, either 
directly by person-to-person spread or indirectly from 
contaminated fomites, continue to be a major concern 
to the CF community. Table 2 summarises the 
extensive documented evidence for direct transmission 
of B. cepacia between CF patients during close 
contacts within hospitals [61,63,65], at educational 
or summer camps [59,66] and through other social 
contacts [62,63]; in contrast, several reliable studies 
have found no evidence of cross- infection [72-75]. In 



402 J. R. W. GOVAN, J. F. HUGHES AND P. VANDAMME 



their initial report, LiPuma et ai [59] cited previous 
failures to culture B. cepacia from respiratory equip- 
ment and environmental surfaces as circumstantial 
evidence that direct person-to-person spread might be 
the primary means of transmission. However, a 
subsequent prospective study [117] with selective 
culture and DNA-bascd typing of isolates showed that 
colonised patients can contaminate their environment; 
thus indirect transmission might occur via contami- 
nated surfaces. The intrinsic resistance of B. cepacia to 
many antibiotics also raised justifiable concern that the 
use of contaminated home-use nebulisers might present 
u special hazard for B. cepacia acquisition. Currently, 
evidence for nebuliser-associated transmission is scanty 
and equivocal. A case-controlled retrospective study of 
five CF patients undergoing treatment in a CF centre 
[118] showed a significant association between out- 
patient nebuliser use and B. cepacia colonisation. B. 
cepacia was also cultured from nebulisers used by 
colonised patients. Unfortunately, no bacterial typing 
was performed to confirm the clonal relationships of 
the human and nebuliser isolates. Recently, in a 
prospective study [119], B. cepacia was cultured from 
three of 35 home-use nebulisers. DNA mac rore strict ion 
analysis by PFGE revealed that one of two strains of B. 
cepacia recovered from the nebuliser of one patient 
was also present in the patient's sputum. However, 
sputum cultures from the two other patients whose 
nebulisers harboured B. cepacia did not yield the 
organism, suggesting an environmental origin for the 
B. cepacia strain isolated from the nebuliser. Other 
studies of nosocomial acquisition of B. cepacia in non- 
CF patients have suggested that respiratory infection 
probably occurred by indirect transmission following 
use of contaminated nebuliser devices [31, 120]. Air- 
borne dissemination may also present a small risk of B. 
cepacia acquisition. In a prospective study, B. cepacia 
was recovered from the room air during occupation by 
five of six patients, but to only a limited extent, with 
the number of bacteria ranging from I to 1 58 cfu/m 3 
[121). Maximum yields were associated with episodes 
of coughing and, aAer a patient left the room, the 
organism persisted in room air for up to 45 min. 

To conclude, ethical considerations prevent experi- 



ments that could provide scientific data to assess the 
risks of B. cepacia acquisition, including clarification 
of the frequency of contact and the infectious dose 
required Based on accumulated evidence (Tables 2 
and 3), skin contact, respiratory aerosols, sharing food, 
contaminated equipment, co-habitation or undergoing 
physiotherapy in the same room as a B. cepacia- 
positive individual present reasonable risks of acquisi- 
tion. However, epidemiological evidence [38, 62], 
including the high numbers (typically >IO H cfu/ml) 
of B. cepacia present in the saliva of colonised 
patients, suggests that the close and frequent social 
contact that occurs between siblings, the direct 
exchange of respiratory secretions associated with 
kissing, and the involvement of a highly transmissible 
B. cepacia lineage arguably present the greatest risks 
of acquisition. 

Environmental release of B. cepacia as a 
biological control agent 

Whilst the CF community debates the clinical issues of 
B. cepacia colonisation and transmission, agricultural 
microbiologists continue to develop the organism as a 
biological control agent to exploit its antifungal activity 
(Fig. 1) for the enhancement of crop yields [122, 123] 
and its nutritional adaptability in the bioremcdiation of 
landfill sites, contaminated soils and ground water 
aquifers [124-126]. Deliberate environmental distribu- 
tion of B. cepacia as field inoculants raises the issue of 
the phylogenetic relationship between B. cepacia of 
environmental and clinical origin and the potential 
hazard for human infection. The debate on this 
relationship has revealed the gulf that exists between 
different areas of interest and microbiological expertise 
and, as stated recently in an editorial comment on 
another contentious issue, bovine spongiform encepha- 
lopathy, Underscores the weakness of separating 
agricultural and medical science' [127]. 

We have stated previously that the scientific evidence 
that environmental strains of B. cepacia present little 
hazard to man is weak [14] and is based on 
examination of only a few bacterial isolates and 



Tabic 3. Factors thai may influence acquisition of B. cepacia 

• In colonised individuals, B. cepacia saliva counts can exceed 10" cfu/mt, suggesting thai ihe highest risk of paticnt-to-patient spread is 
transmission of respiratory secretions during kissing or through sharing of eating or drinking utensils. 

• Spirometer mouthpieces become heavily contaminated during lung function tests. Risk avoided by use of disposable mouthpieces. 
Recovery from the surface of lung function equipment is low. 

• Recovery from antibiotic reservoirs of nebulisers has been reported, but incidence is low and tlic degree of risk appears secondary to the 
preceding factors. 

• Aerosol recovery is low, suggesting low risk of aerosol transmission. 

• Hands become contaminated after coughing and the organism can be transmitted by handshake. Survival on hands reduced to 10% after 
30 min; this varies in dilTerent individuals and may account for variable recovery' surveillance studies. 

• Gastrointestinal carriage has not been demonstrated, even in colonised individuals, suggesting that the risk of faccul-oral spread is 
minimal. 

• After surface contamination with B. ctyw< m-containing sputum, viable bacteria can be recovered for several weeks. 

• Surface contamination by B. cepacia sputum is eliminated by treatment with UV irradiation and with common hospital disinfectants, 
including Milton. Dettol, alcohol 70%, phenols, iodine and cctrimidc. Careful drying is important after washing or disinfection. 

• Recovery of B. cepacia from soil, plants, drains, lakes and surface waters is low, suggesting thai natural environments present a possible 
but low risk for acquisition. __ 
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Fig. I. Inhibition of the phytopathogenic fungus Rhiznc- 
tonia sotani by five isolates of B. cepacia. The fungus 
was inoculated in (he centre of the plate and bacteria 
around the perimeter Cultures were photographed after 
incubation for 14 days at room temperature. 



inappropriate bacterial properties [24]. Although some 
studies have indicated that environmental and clinical 
isolates are distinct, no reliable phenotypic markers 
have been identified [25,45, 108]. The suggestion that 
clinical isolates can be distinguished from soil isolates 
based on the former's lack of plant pathogenicity [45] 
is discounted by the fact that CF isolates of B. 
cepacia will readily macerate onion tissue (Fig. 2) 
[14]. In addition, the invasive B. cepacia foot lesions 



known as swamp foot [128], acquired by military 
personnel during jungle training, confirm the patho- 
genic potential of environmental strains of B. cepacia 
for man. 

The potential hazard that some or all environmental B. 
cepacia strains present to the CF community is 
unclear and requires investigation. The fact that new 
cases of B. cepacia colonisation continue to occur 
with strains that show no genotypic relationship to 
other isolates within the same CF centre, points to the 
environment as a potential source. However, the extent 
of this risk is difficult to assess. Extensive microbio- 
logical safaris into supermarkets and domestic homes 
[15], and a range of botanical soils and cultivars [14], 
indicate that B. cepacia can be cultured from up to 
20% of warm moist environmental sites, particularly 
soils, but that it is not as ubiquitous as other 
pseudomonads. Interestingly, in our studies to date, 
none of the environmental isolates of B. cepacia have 
been identified as belonging to genomovar HI. 



Conclusions and future prospects 

B. cepacia is a striking example of a multiresistant soil 
saprophyte and phytopathogen that has emerged as an 
important threat to susceptible human hosts. In the CF 
community, the degree to which infection control 
measures should be implemented continues to arouse 
strong scientific and social debate. The validity of strict 
control is supported by circumstantial, but nevertheless 
compelling, evidence for direct pcrson-to-person trans- 
mission of epidemic strains through nosocomial and 
social contact. In contrast, although the risk of indirect 
iatrogenic spread from contaminated fomitcs remains 




Fig. 2. Soft rot of a segmented 'compromised* onion inoculated with a clinical B. cepacia isolate of the epidemic ETI2 
lineage (left) and an uninoculated control (right), both incubated at 30 Q C for 72 h. Reproduced with permission from 
Butler *t ai. [14]. , > 



404 J. R. W. GOVAN, I E. HUGHES AND P. VAN DAM ME 



unclear, available evidence suggests that this route is 
less important than direct transfer. An important caveat 
in attempts to generalise on B. cepacia transmission is 
evidence that the major epidemics of B. cepacia 
involve a subpopulation of highly epidemic lineages 
which might be re-allocated ultimately to new species; 
k Burkhoideria cfei' might be an appropriate but 
probably controversial choice! Ongoing microbiological 
surveillance in CF centres indicates that sporadic 
acquisition of epidemic lineages continues to occur 
when there is a failure to comply with infection control 
measures. For example, a striking demonstration of the 
continued potential for transmission of the ET12 
lineage was its recent acquisition by an Edinburgh 
CF adult; extensive inquiries suggested that this patient 
had social contact for only lOmin whilst visiting 
another CF male who was hospitalised during an 
episode of B. cepacia septicaemia. Even when infec- 
tion control appears effective in preventing spread of 
epidemic lineages, new cases of B. cepacia colonisa- 
tion continue to occur with isolates that exhibit unique 
PCR ribolyping or PFGE profiles. Such sporadic 
acquisitions raise a fundamental question concerning 
the source and colonising potential of individual B. 
cepacia strains. For example, docs the environment 
contain a subpopulation of B. cepacia clones that are 
innately primed for human colonisation, or does 
colonisation and virulence in man require in-vtvo 
adaptation? Future improvements in laboratory identi- 
fication of B. cepacia subpopulations associated with 
CF disease and identification of transmission factors, in 
addition to cable pili, may provide scientific justifica- 
tion for relaxation of segregation in the absence of 
known epidemic and potentially virulent lineages. 
Turning our attention to CF patients, wc need to 
clarify why colonisation by the same strain of B. 
cepacia leads to variable clinical responses, ranging 
from asymptomatic colonisation to rapid fatal pulmon- 
ary deterioration. It could be argued that this particular 
problem is not unique to B. cepacia, and that applying 
Koch's postulates in an attempt to distinguish between 
sycophancy and pathogenic potential is difficult when 
dealing with any opportunist pathogen. Certainly, host 
factors cannot be ignored in attempts to understand the 
pathogenic processes involved in CF lung infections. 

During the final preparation of this review, a 
deceptively simple and elegant study has illustrated 
how CFTR-associated defective CI~ transport across 
airway epithelia might lead to bacterial colonisation in 
CF patients. Smith et al. [129] showed that the normal 
human apical epithelial surface is bactericidal for R 
aeruginosa and 5. aureus: in contrast, the bactericidal 
activity was inhibited reversibly in CF epithelia 
because of a high NaCl concentration. If this 
phenomenon varies in individual CF patients — or if 
individual B. cepacia strains differ in susceptibility to 
the defensin-like bactericidal agent— it might explain 
some of the host- and pathogen -specific anomalies 
associated with B. cepacia pulmonary infection and 



suggest novel strategies for infection control and 
therapy of this unusual and challenging opportunist 
pathogen. 

It is difficult to avoid a final comment on the irony 
that whilst B. cepacia continues to hold the CF 
community to ransom, agricultural microbiologists 
seek to develop the commercial and beneficial 
potential of this microbial Jekyll and Hyde in their 
search for biological control agents. This situation 
demonstrates the diversity of microbiology, but should 
also encourage attempts to reduce the present gulf 
between agricultural and medical science. 
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Note added in proof 

Following submission of this review, the results of an 
epidemiological study of B. cepecia in a large scries of 
CF patients attending the CF centre in Verona were 
published. Cazzola et al. concluded that their results 
are difficult to interpret. Nevertheless, data arc essential 
if progress is to be made in unravelling /?. cepacia 
epidemiology, and the results of this study are 
particularly relevant to the major issues discussed in 
our review. 

Between Nov. 1991 and Dec. 1994, B. cepacia was 
cultured from 85 (1 1.0%) of 769 CF patients attending 
the Verona centre. Based on genomic fingerprinting, 
32 (53.3%) patients were colonised by individual B. 
cepacia strains; the remaining 28 (46.7%) patients 
were divided into 10 subgroups, each colonised by a 
distinct strain. As previously encountered with the 
ETI2 lineage, the outcome of B. cepacia colonisation 
in the Verona study varied from rapidly fatal 
septicaemia to maintenance of reasonably stable 
respiratory function, even in patients colonised by 
the same strain. Cazzola et al. provide further 
evidence for hypotheses discussed in our review that 
some B. cepacia strains exhibit and low transmissi- 
bitity that the environment is a likely source of 
sporadic new cases: e.g., transmission was observed in 
only three of eight pairs of CF siblings; in unrelated 
patients, direct person-to-person transmission was 
evident in only 10 cases (16.7%); despite a strict 
segregation policy, whether as in- or out-patients, 15 
new colonised patients were identified during 1993. 
Considering social implications and the paucity of 
previous data, it was particularly interesting to note 
that transmission was demonstrated between two 
unrelated CF schoolmates. 

Cazzola G, Atnalfitnno G, Tonclli E, Perazzoli C. Piacentini I. 
Ma Stella G. Burkholderia (Psetuhmonas) cepacia epidemiology in a 
cystic fibrosis population: a genome finger-printing studv. Acta 
Paediatr 1996; 85: 554-557. 
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identification of Pseudomonas cepacia and its occurrence 
j^liSiical materia! 

|m*S National Collection of Type Cultures, Central Public Health Laboratory 
1tfW9 5HT, UK 

lp May 1986, revised 4 June 1986 and accepted 20 June 1986 

| ' 

HfH- I986 - Tne identification of Pseudomonas cepacia and its occurrence in 
" iterial. Journal of Applied Bacteriology 61, 299-314. 

p|evl9 year period ending December 1984, 4840 strains of Gram-negative 
Tentative bacteria were submitted to the National Collection of Type Cul- 
ypbntification. Of these, 195 strains (4 0% of the total) were identified as 
timgnas cepacia which demonstrates both that the species is regularly encoun- 
^Slnical material in the UK and that several laboratories have experienced 
§™^^in: identifying the organism. The sources from which the 195 strains were 
W&&^- re P ortcd and also the characteristics by which the species may be 
i^^^!^^ clinical significance of Ps. cepacia is reviewed, and the resistance of 
1 f$illt|p$ to disinfectants and antimicrobial agents commonly used to treat 
! ^^Pffinas infections is discussed to underline the necessity for the precise identi- 
?$B$IP^P& cepacia. 

■j^^^onas cepacia, a phytopathogenic 
^^^Ss originally described by Burkholder 
'''^MBlkrd et al (1970) considered that Ps. 



f» was an earlier synonym of 'Ps. multi- 
rStanier et al 1966, and as such had 
M^datural priority. There was no pheno- 
"' * ' g^ition between Ps. cepacia and 'Ps. 
V and although DNA-DNA hybrid- 
^ments supported this view (Ballard 
a later numerical taxonomic 
|path et al. 1981) of the phenotypic 
' kr et al (1966) indicated the possi- 
p|jjne differences between Ps. cepacia 
jitnultivorans '. However, all other 
jave noted the similarity between Ps. 
and 'Ps. multivorans' (e.g. Sands et al 
Jglptween these species and strains of 
^Kgrbup 'eugonic oxidizers, group I' 
||||)ijater called 'Ps. kingii' by Jonsson 
s also Gilardi 1970, 1971; Mackel 
H^M. & Pedersen 1970a). Sncll et al. 
^^gjished 'Ps. kingii' (EO-1) as another 
mym of Ps. cepacia whilst Samuels et 
IpKi Sinsabaugh & Howard (1975) 
Mfe synonymy of 'Ps. kingii' with 'Ps. 
|j|Gonzaiez & Vidaver (1979) studied 



strains of clinical and plant origin and their 
results also supported the synonymy of Ps. 
cepacia, Ps. kingii' and Ps. multivorans.' 
Pseudomonas cepacia is the correct name 
nomcnclaturally (Palleroni & Holmes 1981). 

Pseudomonas cepacia has been reported with 
increasing frequency in clinical material by 
workers in the USA and the UK, and with less 
frequency elsewhere (Table 1). Strains have been 
isolated from a wide variety of human clinical 
sources (Table 1) and several reports have 
appeared detailing the role of this organism as 
the responsible agent in outbreaks of noso- 
comial infections. In many cases contamination 
of aqueous topical anaesthetics, disinfectants or 
irrigating solutions was implicated (Table 1). 
Pseudomonas cepacia is generally regarded as a 
low grade pathogen (e.g. Hardy et al 1970) but 
its ability to contaminate and perhaps grow in 
certain disinfectants in common use in hospitals 
(e.g. Bassett et al 1970), as well as to grow in 
deionized or distilled water (Gelbart et al 1975, 
1976), makes it a potentially dangerous 
organism. True infection is seen occasionally 
(e.g. Bassett et al 1970) but the role of the 
organism has been questioned (Anon. 1970). 
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Table I. Summary of previous reports on identification and incidence of Pseudomonas 



cepacu 



Country of origin 
of report 



USA 



Reference 



Common sources of isolates^eporS 
(where appropriate) :1 Q 



Sorrell & White (1953) 
Schiff et ai (1961) 
King (1964, 1967) 
Daiiey & Benner (1968) 
Hardy et ai (1970) 
Pickett & Pedersen (1970a, b) 
Pcdersen et ai (1970) 
Mackel (1970) 

Giiardi (1970, 1971, 1972, 1978) 
Ederer &'Matsen (1970) 
Hugh (1970) 
Seligman et ai (1971) 
Taplin et ai (1971) 
Anon. (1972) 
#ixon (1972) 
, Ederer & Matsen (1972) 
Giiardi (1972) 
Schaffner et ai (1973) 
Weinstein et ai (1973) 
Dunne et ai (1973) 
Anon. (1973) 
Meyer (1973) 
Hamilton et ai (1973) 
Rahal et ai (1973) 
Neu et ai (1973) 
von Gravenitz (1973) 
Anon. (1974) 

McKinley & McCroan (1974) 
Denney et ai (1975) 
Bottone et ai (1975) 
Noriega et ai (1975) 
Feeley et ai (1975) 
Matsen (1975) 
Cabrera & Drake (1975) 
Gelbart et ai (1975, 1976) 
Rapkin (1976) 
Weinstein et ai (1976) 
Kaslow et ai (1976) 
Frank & Schaffner (1976) 
Sieber & Fulginiti (1976) 
Dixon et ai (1976) 
Kuehnel & Lundh (1976) 
Darby (1976) 
Mandell et ai (1977) 
Poe et ai (1977) 
Steered ai (1977) 
Kothari et ai (1977) 
Blessing et ai (1979) 
Rhame et ai (1979a, b) 
Rosenstein & Hall (1980) 
Berkelman et ai (1981) 
Martone et ai (1981) 
Craven et ai (1981) 
Rhamc et ai (1981) 
Schmidt et ai (1981) 
Rhame & McCuUough (1982) 
John &Twitty(1982) 
Anon. (1982) 
Berkelman et ai (1982) 



Blood (endocarditis) q 
Blood (endocarditis) 
Urine, blood, respiratory tract '^f 
Respiratory tract %i 
Urine* B 




Respiratory tract, blood 
Urinary catheter kits 



■ ''■St .; 



IS' 



Blood (endocarditis) 
Wounds (toe webs) 
Predominantly urine* 
Predominantly urine* 
Urine, respiratory tract, wounds^blc 
Wound, blood, urine 
Respiratory tractf 
Respiratory tract 
Bloodf 
Bloodf 
Blood 

Blood (endocarditis) 
Blood (endocarditis) 
Blood (endocarditis) 

Various* 
Blood* 

Respiratory tract 



:3 " n 



Blood (endocarditis) "' -.hi 

Respiratory tract \ . R' >fy 

Predominantly respiratory tract and'iimieVi 
Bloodf ^fiW 
Nebulizer water reservoirs "'Kv-'^i 
Variousf 
Blood* 
Blood* 

Blood and intravenous fluid* 
Respiratory tract 
Various* 
Blood* 

Ventricular fluid 
Blood (endocarditis) 
Respiratory tractf 
Bloodf 
Synovial fluid 

Respiratory tract (cystic fibrosis) 
Bloodf 

Blood and respiratory tract (cystic ifibn 
Blood* f 
Variousf % 
Blood* 

Respiratory tractf 
Respiratory tract 
Bloodf 
Urine* 



Peritoneal fluid 



Country of origin 
of report 



UK 



Belgium 
Australia 

France 
Canada 



Switzerland 
Chile 

Denmark 

^mark and Holland 

Israel 
J apan 
s ^den 
Trinidad 



Decicco e 
Lybarger 
Giiardi (1 
Mackenzi 
Gilligan 6 
Rutala et 
Styrt & K 
Smith et t 
Tablan et 
Thomasse 
Clcgg et a 
Mitchell <! 
Burdon & 
Basset t et 
Phillips et 
Speller et 
Snell et at 
Speller (IS 
Bassett et 
Roberts & 
Hendersoi 
Stirland & 
King & Pi 
Pallent et 
Nakhla & 
DeMol (IS 
Zech (197*: 
Yourassov 
Juris (1973 
Morris et . 
Guinness « 
Webling(l 
Richard et 
Monteil et 
Randall (1 
Gold et ai 
Isles et ai 
McKevitt , 
Conly et a 
Pappalard- 
Fernandez 
Bremmelgi 
Borghans < 
Siboni et a 
Sobel et ai 
Yabuuchi ( 
Brauner et 
Morris & I 



coiU n C ,raced 10 co ™aminated ami 
^ pressure transducers and urinary ca 
°"rce traced to contaminated anae: 
idcnL ,S C descri °<* by Sorrell & W 
"'y wa S established later (Hardy et a 

CiS d T ribcdby Schiff " aL 

«»ater (Hardy et ai 1970). 
i tJ cn> of Morris & Roberts (19. 

Several mul "™rans (Stanier ei 

H *tfMM°i» Cases bribed by Phil 
U984) were caused by contaminat. 




Ava il ab l e C o py 



carditis) 
tract 

:ly respiratory tract and urine 
iter reservoirs 



itravenous fluid 
tract 



luid 

carditis) 
traclt 



tract (cystic fibrosis) 
sspiratory tract (cystic fibrosis) 



tractt 
tract 
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Table I (continued) 



Reference 



Decicco et al (1982) 
Lybarger (1982) 
Gilardi (1983) 

Mackenzie & Gilligan (1983) 
Giiligan & Schidiow (1984) 
Rutala et al (1984) 
Styrt & KIempner(l984) 
Smith et al (1985) 
Tablan et al (1985) 
Thomassen et al (1985) 
Clegg et al (1986) 
Mitchell & Hayward (1966) 
Burdon & Whitby (1967) 
Bassett et al (1970) 
Phillips et al (1971) 
Speller et al (1971) 
Snell et al (1972) 
Speller (1973) 
Bassett et al (1973) 
Roberts & Speller (1973) 
Henderson & Byatt (1974) 
Stirland & Tooth (1976) 
King& Phillips (1978) 
Patient et al (1983) 
Nakhla & Haigh (1984) 
DeMol (1979) 
Zech (1979) 

Yourassowsky et al (1979) 
Juris (1973) 
Morris et al (1976) 
Guinness & Levey (1976) 
Webling(1978) 
Richard et al (1981) 
Monteil et al (1981) 
Randall (1980) 
Gold et al (1983) 
Isles et al (1984) 
McKevitt & Woods (1984) 
Conly et al (1986) 
Pappalardo et al (1980) 
Fernandez & Otth (1972) 
Bremmeigaard (1975) 
Borghans et al (1979) 
Siboni et al (1979) 
Sobel et al (1982) 
Yabuuchi et al (1970) 
Brauner et al (1985) 
Morris & Roberts (1959) 



Common sources of isolates reported 
(where appropriate) 

Nasal sprays 
Urine 

Respiratory tract (cystic fibrosis) 
Respiratory tract (cystic fibrosis) 
Bloodt 

Respiratory tract 
Bone 

Respiratory tract (cystic fibrosis) 
Respiratory tract (cystic fibrosis) 

Urine* 

Contaminated disinfectants 

Wounds* 

Bloodt 

Urine, blood, wounds* 

Blood (endocarditis)* 

Blood* 

Urine 

Vagina, urine, incubator humidifier water* 
Wound, central venous pressure line* 



Blood*, f 
Blood*, t 
Various*, | 
Bloodt 
Milk 

Contaminated disinfectant 
Predominantly urine and blood*, t 
Ventricular fluid 

Respiratory tract, respirator humidifier water 

Various, predominantly urine*, t 

Sputum (cystic fibrosis) 

Sputum (cystic fibrosis) 

Sputum (cystic fibrosis) 

Respiratory tractt 

Blood 

Blood, cerebrospinal fluid, incubator water 
Bloodt 

Bloodj / 
Predominantly urinary''traci* 
Blood 
Blood 

Soil, river water 



utd 



{continue 



v'^q^'^--'^'-- • "" ~" • — — 

KlplM^ d to contaminated antiseptic, disinfectant, etc., in some cases via such sources as haemodialysis 
£^^^^3W sducers and urinary catheter kits. 

-Source traced to contaminated anaesthetics, saline, distilled water, etc. 
*^g|gd^cribed by Sorrell & White (1953) was reported as 'a variant of the genus Herellea but its (rue 
jSgpg^teblishri later (Hardy et al 1970). 

S^^S-^ Cribed by Scmff <-' al ( I96 D was identified as 'Flavobacterium' but its true identity was estab- 

^ttflpf Morris & Roberts (1959) were not described as Ps. cepacia but were included in the original 
I13gggfijg££^» multivorans* (Stanier et al 1966). 

W^cases described by Phillips et al (1971) and by Zech (1979), and those described by Nakhla & 
tfi^ CaUSed by comaminated b,ood pressure monitoring equipment. 
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Over a 19 year period, up to December 1984, 
4840 strains of Gram-negative non-fermentative 
bacteria were submitted to the National Collec- 
tion of Type Cultures (NCTC) for identification. 
Of these, 195 strains (4 0% of the total) were 
identified as Ps. cepacia which suggests both 
that the organism is not uncommon in clinical 
material in the UK and that many laboratories 
encounter difficulty in identifying the species. 
The results of biochemical tests carried out on 
195 strains of Ps. cepacia are therefore reported 
here. 

Materials and Methods / 

/ 

BACTERIAL STRAINS/ 

One hundred and ninety-five strains of Ps. 
cepacia were examined. They comprised 191 
field strains isolated from clinical material, prin- 
cipally in the UK, and sent to the NCTC for 
computer-assisted identification; the other four 
strains were reference cultures maintained in the 
NCTC. The sources of the field strains are given 
in Table 2. The four reference cultures were 
NCTC 10743 (type strain) and strains NCTC 
10661, 10734 and 10744. 

BACTERIOLOGICAL STUDIES 

The 191 field strains were identified in some 
cases solely on the test results provided by the 
sending laboratory, in other cases on the test 
results obtained in the sending laboratory com- 
bined with the results of further tests done at 
the NCTC and in the remaining cases solely on 
the test results obtained at the NCTC. Only the 
biochemical test results obtained at the NCTC 
are reported, so that for strains identified solely 
on the test results obtained in the sending labor- 
atory no results are given. In addition, as differ- 



ent numbers of tests were carried out;*! 
strain, the number of strains examiriefj 
test is given in Table 3. The! 
computer-assisted identification used|!jS 
NCTC has been described elsewhere'^ 
al. 1980). The four reference cultures :>e|t 
ined in all the 68 tests listed in TaWM. 
methods used for these tests IKarcL^ 
described previously (Holmes et a/j(197^^| 
test cultures were incubated at 37 a c|j|g 
where otherwise required by the specific^ 
for the test. 

Results 

The strains were Gram-negative rcjjfe i- fl|^^M j|| 
producing non-pigmented colonies^on|nmi 
agar, but 13 (of 173 tested) were yeilow^|" 
ed. The biochemical test results are 
Table 3. 



IdentiJ 

Table 3. 




Discussion 

The biochemical characteristics pfj^i8|i««« 
strains of Ps. cepacia (Table 3) agree very do^| 
with those of the reference cultures. p)^^| 
species (which include the type strain) &ml|; 
tained in the NCTC and with th^ong^f 
description of the species given by BurKfoljife/ 
(1950) except that only 30% of thc/K^g 
strains reduced nitrate and 64% ; j)iro<^pp 
urease. The biochemical characteristi^f jlj^^ 
strains examined also agree well with 'tnos^ ; jgg^ 
sented by other authors. Polymyxin 
and gentamicin are routinely used i ri ; the - fJf^Cf" 
ment of pseudomonas infections .^^'^SEfi! 
agents are not effective against Ps. c^pad^gi 
vitro. Precise identification of the organism 
becomes important, especially as^effis^K 
therapy may require prolonged or highrdew 
antimicrobial agents to effect curei^Asg 



Table 2. Sources of Pseudomonas cepacia field strains studied 



Source 


No. of 
strains 


Source 


No. of 
strains. 


Blood 


42 


Catheter tip 


14 


Transfusion blood 


2 


Ear swab 


2 


Respiratory tract 


27 


Eye swab 


2 


(sputum, 1 1) 




Anaesthetic 


3 


(tracheal aspirate or secretion, 1 5) 




Disinfectant 


21 


(pleural aspirate, 1) 




Hospital environment 


3 


Respirator 


21 


Miscellaneous 


13 


Wound swab 


12 


Unknown 


8 


Urine 


21 







Test 




Acid from ASS 
glucose 
a ra hi nose 
cellobiose 
fructose 
inositol 
mannitol 
Acid from 10% glucose 
Alkali production on 

Christensen's citrate 
Catalase production 
Growth at 37°C 
Oxidative in Hugh & 
Leifson oxidation- 
fermentation test 
Tween 20 hydrolysis 
Twccn 80 hydrolysis 
Acid from ASS 
adonitol 
glycerol 
maltose 
sorbitol 
trehalose 
xylose 
Growth at room 

temperature 
Growth on MacConkey ag 
Growth on jl- 

hydroxybutyrate 
Growth on Simmons' 

citrate 
Opalescence on 

lecithoviiellin agar 
Acid from ASS 
dulcitol 
lactose 
Tyrosine hydrolysis 
Casein digestion 
Acid from 10% lactose 
Cytochrome oxidase 

production 
Growth on cetrimide 
Poly /Miydroxybutyrale 

inclusion granules 
Acid from ASS salicin 
Motility at room 

temperature 
Gelatin hydrolysis 

(Plate method) 
Urease production 
^id from ASS sucrose 
Lysine decarboxylase 
Gelatin hydrolysis 

(stab liquefaction) 
Ornithine decarboxylase 
Growth at 42°C 



sts were carried out 



°n each 

r of strains examined in each 
Table 3. The method 0 f 
identification used i n ^ e 
lescribed elsewhere (WiHcox ei 
• reference cultures were exam- 
8 tests listed in Table 3. 
for these tests have been 
isly (Holmes ei ai 1975). The 
re incubated at 37°C except 
required by the specification 



: Gram-negative rods generally 
pigmented colonies on nutrient 
173 tested) were yellow pigment- 
mical test results are given in 



:al characteristics of the field 
pacia (Table 3) agree very closeh 
the reference cultures of the 
include the type strain) main- 
NCTC and with the original 
the species given by Burkhoider 
that only 30% of the NCTC 
;d nitrate and 64% produced 
Khemtcal characteristics of all the 
ed also agree well with those pre- 
er authors. Polymyxin B, colistin 
n are routinely used in the treat- 
udomonas infections but these 
»t effective against Ps. cepacia in 
Identification of the organism thus 
portant, especially as effective 
require prolonged or high doses of 
agents to effect cure. As with 

rains studied ____ 




vailable Copy 
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Test 



•■'V:\- 



Acid from ASS 
glucose 
arabinose 
cellobiose 
fructose 
•inositol 
mannitol 
Acid from 10% glucose 
§|B^"Alkali production on 
^HWP'""' Christensen's citrate 
Gatalase production 
Growth at 37°C 
Oxidative in Hugh & 
teifson oxidation- 
fermentation test 
Tween 20 hydrolysis 
Twecn 80 hydrolysis 
Acid from ASS 
adonito! 
glycerol 
maltose 
sorbitol 
: trehalose 

xylose 
Growth at room 

temperature 
Growth on MacConkey agar 
Growth on /?- 
: ■■= -hydroxybutyrate 
Growth on Simmons 1 

•^^^^palescence on 
J^^^^^lecithovitellm agar 
^i^PWicid from ASS 

I^^^M^yrBsine hydrolysis 
p^^^^Casein digestion 
g^^^^pcid from 10% lactose 
Cytochrome oxidase 
; „ -' -production 

Growth on cetrimide 
^ ^qjy ^-hydroxybutyrate 



- 



«llt: : 



■•X&Ste&£"=''. 



Source 



r lip 
ib 

ab 

relic 

ctant 

al environment 
aneous 
•wn 



No. of 
strains 

14 

2 

3 

21 
3 
13 



V ; 'inclusion granules 

WKMBffifoom ASS salici 

m 



■i. \ Acid from ASS salicin 
M^6.tility at room 
^^Kemperature 
^Kejatih 'hydrolysis 
jB^ljii&te method) 
wj|j*ase production 
^^^id^from ASS sucrose 
:^^^M8^fetne decarboxylase 
j^ ^Pa^jatin hydrolysis 
rmB»^? b liquefaction) 

thine decarboxylase 
V Growth at 42 C C 



Results of 
reference strains 
(no. positive/ 
no. tested) 


Results of 
held strains 
(no. positive/ 
no. tested) 


Percentage 
positive 
of ail 
strains 


Sign 


4/4 


151/151 


100 


+ 


4/4 


151/151 


100 


+ 


4/4 


153/153 


100 


+ 


4/4 


81/81 


100 


+ 


4/4 


1 28/1 28 


100 


+ 


4/4 


Ill/Ill 


100 


+ 


4/4 


73/73 


100 


+ 


4/4 


128/128 


100 


I 


4/4 


167/167 


100 


+ 


4/4 


162/162 


100 


+ 


4/4 


162/162 


100 


+ 


4/4 


147/147 


100 




did 


1 14/1 14 


inn 


+ 


4/4 


129/131 


99 


+ 


did 


1 1 VI Id 


QQ 


+ 


4/4 


153/155 


99 


+ 


4/4 


1 10/1 1 1 


99 




4/4 


146/147 


99 


+ 


4/4 


152/153 


99 


i 


4/4 


162/163 


99 


+ 


4/4 


129/130 


99 


+ 


4/4 


150/151 


99 


+ 


4/4 


156/157 


99 


+ 


4/4 


79/80 


99 


+ 


did 


| "if. ft 1Q 
1 JO/ 1 JJ 


QQ 




4/4 


110/113 


97 




4/4 


144/148 


97 


+ 


1/4 


oU/oU 


9o 


+ 


4/4 


101/107 


95 


+ 


4/4 


158/166 


/95 




4/4 


97/110 


/ 


+ 


1/4 


130/145 


/ 

/ 88 


+ 


did 


yof ill 


o / 


+ 


4/4 


139/164 


85 


+ 


1/4 


122/163 


74 


d 


2/4 


91/142 


64 


d 


3/4 


67/112 


60 


d 


3/4 


90/168 


54 


d 


0/4 


57/118 


47 


d 


0/4 


64/148 


42 


d 


2/4 


49/122 


41 


d 



[continued) 
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Results of 


Results of 


Percentage 




reference strains 


field strains 


positive 




(no. positive/ 


(no. positive/ 


of all 


Test 


no. tested) 


no. tested) 


strains 


0-D-Galactosidase 








production (ONPG test) 


3/4 


47/122 


40 


Acid from peptone-water- 








glucose 


1/4 


52/133 


39 


Aesculin hydrolysis 
Motility at 37°C 


4/4 


39/108 


38 


2/4 


59/161 


37 


Nitrate reduction 


1/4 


42/140 


30 


Acid from ASS raflinose 


4/4 


21/105 


23 


KCN tolerance 


0/4 


28/122 


22 


Malonate utilization 


0/4 


16/122 


13 


Production of yellow / 






pigment / 


2/4 


11/169 


8 


Gluconate oxidation 


0/4 


6/122 


5 


Growth at 5°C / 


0/4 


6/121 


5 


Acid from ASS 








ethanol 


0/4 


1/150 


1 


rhamnose 


1/4' 


0/110 


1 


Arginine di hydrolase 


0/4 


1/164 


1 


Pigment on tyrosine agar 


0/4 


2/149 


1 


Arginine desimidase 


0/4 


0/113 


0 


Deoxyribonuclease 






production 


0/4 


0/78 


0 


Fluorescence on King's 






B medium 


0/4 


0/109 


0 


Gas from peptone-water- 








glucose 


0/4 


0/132 


0 


Hydrogen sulphide 








production (lead 








acetate paper) 


0/4 


0/156 


0 


Hydrogen sulphide 








production (triple 








sugar iron agar) 


0/4 


0/121 


0 


Indole production 


0/4 


0/120 


0 


Nitrite reduction 


0/4 


0/126 


0 


Phenylalanine deamination 


0/4 


0/120 


0 


Reduction of 0-4% 






selenite 


0/4 


0/113 


0 


Starch hydrolysis 


0/4 


0/80 


0 


3-Ketolactose production 


0/4 


0/78 


0 



d ! 

^wm - 

d. ^.MS. 



The reference strains were NCTC 10661, 10734, 10743 (type strain) and 10744. 
+ , 85% or more of strains positive; d, 16-84% of strains positive; — , 15% or less of : 
strains positive; ASS, ammonium salt sugar medium; room temperature, 18 0 -22 W C. 



other non-fermentative species, insufTicient acid 
is produced in the control tube of the Moller 
(1955) decarboxylase medium to turn the 
medium yellow. The unchanged appearance of 
the control tube can be mistaken for no growth 
of the strain under test and consequently the 
decarboxylase tests may be discarded. Decar- 
boxylation of lysine and of ornithine in some 
strains can thus be overlooked, but positive 
results are useful diagnostic characters as in 
clinical material the only other non-fermenter of 



clinical interest that decarboxylates lysjg^'^K 



maltophilia and the only other non-fernieii^^|: 
clinical interest that decarboxylates ornith«^| 
Alteromonas putrefaciens. 

Esanu & Schubert (1973) recognized 
biovars amongst their Ps. cepacia stra^^^f 
Richard et al (1981) recognized eight 
(1970) found five serogroups and Montc3^p| 
(1981) also (bund five; O and H serotypin^ 
Ps. cepacia has been described by Heid* 
(1983). Govan & Harris (1985) have desc^ 




Identific 

bacteriocin typing of Ps. cepacia. 
(1981) described mutants blocked 
of fructose, mannitol and sorbitol, 
encing the growth of Ps. cepacia i 
lions have been described by ( 
(1974). Nucleic acid similarities 
cepacia, Ps. mallei and Ps. pseiu 
been studied by Rogul et al (197 
Petersen (1975) reported the phot 
of Ps. cepacia cells following exp 
light; their work suggests a possi 
contamination in u.v.-treated watei 
As well as occurring in soil 
waters (Morris et al. 1959; Taplir 
Ps. cepacia can also be found in 
environment, especially water an 
races (Bassett et al. 1970; Gilardi 
et at. 1971) where it is able to st 
disinfectants. Pseudomonas cepac 
found to be inhibited by Sa 
chlorhexidine 4- 0-5% cetrimide) 2 
dilution, but large inocula survive, 
even 1 in 30 (Bassett et al. 1970). C 
of 10 5 -10 7 cells/ml have been foi 
aqueous chlorhexidine alone (Spell 
and as many as 10 3 cells/ml have i 
commercial urinary catheter kit 
015% N-alkyl, dimethylbenzyl 
chloride in water and phenoxypo 
nol (Detergicide; Hardy et al 197C 
also failed to eradicate this or 
Wood pressure monitoring appar; 
contaminated heparinized saline i 
ten used (Phillips et al 1971). Na 
(19 84) also noted infections resulti 
l 3minaied blood pressure monit 
* lus - The source of contam 
ononized water used to prepare E 
d, smfecting the transducer cables. 
c *P<tvia has also been found to b 
£nza!konium chloride (Bassett 
0,I ardi 1970) and to the organor 
K'vative thimerosal (Decicco 
although isopropyl alcohol and g 
« effective (Burdon & Whitby 19 
* 197 «; Nakhla & Haigh 1984). 
P nsi "g that infections due to this c 
en been initiated by contam 
, a " ! 0r a ^iseptic solutions. Thi 
■Win Table 1 where it can be s 
^INCTC field isolates of thi 
, n Vered fr °m disinfectants (Tab 
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lamination in u.v.- 
! ls ^tPMMorTis et al 1959; Taplin et al 



lltnocin typing of Ps. cepacia. Allenza et al 
I) described mutants blocked in utilization 
^Ejisc, mannitol and sorbitol. Factors influ- 
Ipthe growth of Ps. cepacia in sugar solu- 
^iij^ve been described by Carson et al 
j^lNucleic acid similarities among Ps. 
jo, Ps. mallei and Ps. pseudomallei have 
Studied by Rogul et al (1970). Carson & 
en (1975) reported the photoreactivation 
if^&pacia cells following exposure to u.v. 
^ftheir work suggests a possible source of 
treated waters, 
as occurring in soil and natural 

1971), 

fSP^jfacto can als0 De fc> un d in the hospital 
IXBffi^ttient, especially water and moist sur- 
fflpBassett et al 1970; Gilardi 1970; Phillips 
OT^/;'.1971) where it is able to survive certain 
|fj|iipec%nts. Pseudomonas cepacia has been 
Ibaiif to be inhibited by Savlon (005% 
i^pB?^ dme + °" 5% cetrim ide) at a 1 in 320 
: dilution, but large inocula survived dilutions of 
even 1 in 30 (Bassett et al 1970). Concentrations 
•^^10 ? cells/ml have been found in 0-02% 
uschlorhexidine alone (Speller et al 1971) 
J^mahy as 10 3 cells/ml have been found in 
^Tgpal urinary catheter kits containing 
i: i|N-alkyl, dimethyl benzyl ammonium 
ef in water and phenoxypolyethoxyetha- 
?|t|rgicide; Hardy et al 1970). Detergicide 
failed? to eradicate this organism from 
grasure monitoring apparatus in which 
!Bjunat& heparinized saline solutions had 
^^p||hillips et al 1971). Nakhla & Haigh 
^^gate:=hoted infections resulting from con- 
pressure monitoring appar- 
source of contamination was 




. blood 

^Sgi^d^water used to prepare Detergicide for 
t^the transducer cables. Pseudomonas 



^ ^ft ^|palso been found to be resistant to 
f^^j^Mim chloride (Bassett et al 1970; 



servatfve(. thimerosal (Decicco et al 1982) 
although'isopropyl alcohol and glutaraldehyde 
;^p^p* (Burdon & Whitby 1967; Phillips et 
j^^^^^khla & Haigh 1984). It is not sur- 
^^SPferu^fe in feet ions due to this oreanism have 



^M?70) and to the organomercurial pre- 



j ,^^p^^^ n ^ ect ^ ons due to tms organism have 
^^^B^^initiated by contaminated disin- 
I re ^nr,or. antiseptic solutions. This is well iilus- 
j |^H^^^ fe 1 where lX can be seen that 21 of 
! ^jfiBpIl^^ fie * d isoIates °f tnis species were 
I ^^^^f pm disinfectants (Table 2). Pseudo- 
^^^ffil|?^ a can also grow in either doubly 



deionized or doubly distilled water as well as 
5% dextrose or 0-9% saline (Gelbart et al 1975, 
1976) but it does not grow in intravenous 
feeding solutions under the usual conditions. 
Contamination may be easily overlooked as tur- 
bidity is not visible (presumably because of the 
extremely small size of the cells under sub- 
optimal conditions) even when the organism is 
grown in distilled water to a concentration of 
10 7 /ml (Carson et al 1973). Infections due to 
this organism can thus also be initiated by con- 
taminated distilled water or intravenous solu- 
tions (Table 1). 

Pseudomonas cepacia is more resistant than 
most other Gram-negative bacteria to the com- 
monly used antimicrobial agent benzalkonium 
chloride. It is also highly resistant to polymyxin 
B sulphate, another cationic agent that is effec- 
tive against most Gram-negative organisms. 
Both agents are thought to act primarily against 
the cytoplasmic membrane. However, although 
the work of Adair et al (1976) suggested the 
cytoplasmic membrane of Ps. cepacia to be 
resistant to polymyxin B (although not to benz- 
alkonium chloride), Manniello et al (1978) 
believed that resistance to polymyxin B prob- 
ably involved more than just a barrier effect. 
The study of Parmelee & Walker (1979), 
however, suggested that resistance to amino- 
glycosides (see below) was at the level of the 
cytoplasmic membrane. Survival for several 
years in benzalkonium chloride has been report- 
ed by Mathews et al (1975), Adair & Geftic 
(1976) and Geftic et al (1979). The authors of 
the two latter publications concluded that phar- 
maceutical solutions containing benzalkonium 
chloride as an antimicrobial preservative should 
be formulated without extraneous carbon and 
nitrogen sources or be preserved with additional 
antimicrobial agents. Other authors have 
pointed out (Frank & Schaffner 1976) that in 
view of the many outbreaks of infection associ- 
ated with contaminated benzalkonium chloride 
(Table 1) that such solutions should no longer 
be used in hospitals. Resistance of Ps. cepacia to 
benzalkonium chloride, as well as to polymyxin 
B sulphate . and chlorhexidine gluconate, has 
been studied by Richards & Richards (1979). 
Electron microscopy of the effect of these three 
agents on the cytoplasmic membrane has been 
performed by Richards & Cavill (1980). Bassett 
(1971) reported that while Ps. cepacia can 
survive in Savlon (chlorhexidine gluconate and 
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cetrimide) diluted with distilled water it cannot 
do so when hard tap water is used as the 
diluent; pH thus has an important influence on 
the effectiveness of such solutions. Borovian 
(1983) encountered Ps. cepacia in a stored 
product and found the organism to survive and 
grow in the formulation even though the pH 
was less than 3-2. She also found that the strain 
was able to acquire resistance to two unrelated 
preservative systems. Adherence of the bacterial 
cells to glass surfaces appears to a (ford some 
protection from chlorhexidine (Pallent et ai 
1981; Hugo et ai 1986). 

Pseudomonas cepacia may be recovered com- 
monly from blood (Tables 1 and 2). Septicaemia 
with endocarditis can occur (Table 1) and in the 
two earlies/ reports (Sorrell & White 1953; 
Schiff et ai 1961) the patients died; in the 
former case, infection may have originated from 
the urinary tract. There have been several 
reports of the isolation of Ps. cepacia from 
blood following cardiac surgery (Pedersen et ai 
1970; Phillips et ai 1971; Speller et ai 1971; 
McKinley & McCroan 1974; Weinstein et ai, 
1976). The patients usually recovered sponta- 
neously or with antimicrobial therapy if con- 
tamination of the blood pressure monitor or of 
the intravenous catheter had been the cause of 
the septicaemia. Two of the NCTC field strains 
from blood are also known to have been reco- 
vered from patients following heart surgery. 
Endocarditis due to Ps. cepacia has been report- 
ed in narcotic addicts; one case involved a pre- 
viously implanted Starr-Edwards mitral 
prosthetic valve and the other a previously 
normal aortic valve in a patient with sickle cell 
anaemia; both cases proved fatal (Seligman et 
ai 1971). The organism has also caused cervical 
osteomyelitis in an intravenous drug abuser 
(Smith et ai 1985). A case of Ps. cepacia endo- 
carditis with ecthyma gangrenosum in a heroin 
addict was described by Mandell et ai (1977). 
Pseudomonas cepacia septicaemia has also been 
described as the cause of death in two burn 
patients (Yabuuchi et ai 1970; Brauner et ai 
1985), the several antimicrobial agents adminis- 
tered proved ineffective against the organism in 
one of the cases (Yabuuchi et ai 1970). Two 
patients who died from bacteraemia both had 
severe underlying disease (Sobel et ai 1982); the 
use of contaminated chlorhexidine was again 
the vehicle of infection in these two (and several 
other) patients. 




Pseudomonas cepacia is less frequentjy^a^^^Si 
ated with wounds (Tables 1 and 2)1^^|^^; | 
reports include nine cases of post^^^^pf 
wound infection caused by local applicatio^^^M ' 
contaminated disinfectant solutioii^|a^^B ; | 
Bassett et ai 1970). Taplin et ai (197l|||^^S 
Ps. cepacia from the toewebs of 4 3/5Lg^^p- : ! 
army ranger trainees after swamp trajnn^^^ ; , 
northern Florida. Within the context qi-fo^L^^; 1 
jungle rot or swamp rot diseases, the^utn^|: 
maintained that there is a clinical entity, ? ass^|;/- 
ated with Ps. cepacia, involving the toeweSlS^afe 
occasionally the plantar surface of theTfeet;§h1^V 
is characterized by hyperkeratosis, maceif^o^|i ' 
and sometimes induration, inflammattpji^^ij^ * 
fissuring. Septic arthritis has arisen#fo|j|^S^Ii' 
intraarticular injection of contaminate^jme^&=. 
prednisolone (Kothari et ai 1977). 

Pseudomonas cepacia is commonlyjisspciatw^r 
with urinary tract infections (Tables glfan^^^; 
although in instances where these have'^n^u^- 
to contaminated catheter irrigation fluii^infec^f : 
tions rarely produced symptoms (HarB^^H; ; 
1970; Speller et ai 1971) and in many^|^^^: 
with positive urine cultures the urineMb^M^p; 
sterile spontaneously after catheter remoyalMttgg 
patients with symptoms, however, appropnate^ 
antimicrobial therapy did not always eradicate 
the organism from the urine (MitcheU^v<£0 
Hayward 1966; Roberts & Speller 1973). --fogi 
taminated urological instruments have been:Ujg£ 
vehicle of infection in other hospital outbrea|s|' 
(Dixon 1972; Anon. 1974). Ederer & 
(1972) noted that in 37 of 41 patients ^roffl^ 
whom Ps. cepacia was isolated, prior instrumcn^ 
tation or a manipulative procedure at the site|p||'. 
recovery of the organism strongly sugg^tjj&fft 
that most were nosocomial infections. 'f|||. 

Strains of Ps. cepacia are also recovered [ 
the respiratory tract or associated eq^P"??^^ . 
(Tables 1 and 2) (Gelbart et ai 1975, lSjffiK 
Blessing et ai 1979) but true infection «--«|||; 
One case of true infection was that of a^' 
who developed necrotizing pneumonia 
cleaning air conditioners for 3 weeks (Daile|g^ 
Benner 1968). Bronchial washings andVjujgj 
tissue cultures grew Ps. cepacia. Therapy/ 
effective with high doses of chlorampheni^' 
(12 g daily). Pneumonitis due to Ps. c \ . ^ 
recurred in this patient and he was fouri£®j 
suffer a phagocyte dysfunction (Denney 
1975): temperature returned to normal w j$||| 
36 h of commencing treatment, again with 
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l&jenicol 12 g daily. The phagocyte dys- 
•*JwP!9 was indistin S ui shable from that found 
: SS^ C granulomatous disease of childhood 
^^^8|e association of Ps. cepacia with the latter 
l^^pnie has been noted by Bottone et ai 
jjHS^ho described three such cases. Prol- 
ific and antimicrobial therapy 
&Bm$0 have played a significant role in the 

nHPP^° n an(1 infection of lhese P a tients. 
further cases of pneumonia in children with 
fifflKpifc chronic granulomatous disease have 
l^pfdijscribed (Sieber & Fulginiti 1976* 
||pidt et al. 1981; Styrt & Klempner I984, : 
^^|rfl/. 1986). Another case was reported by 
I^J^ in et ai ' ( I973 ) of pneumonia in a young 
following cardiac surgery; the patient did 
jtot show a therapeutic response until his daily 
l&&rateP nenic o I dose was increased to 3 e 
l^ppag/kg). A diabetic patient with pneumonia 
|d^fped a lung abscess after therapy with 
|ul(Mspnic nebulization (the reservoir of the 
^toijjler proved to be contaminated with Ps. 
cepacia (Foe et al. 1977)), despite treatment with 
chloramphenicol for an extended period, the 
patient died. Another case of cystic fibrosis (CF) 
.|ramfficated by Ps. cepacia pneumonia and sep- 
§§S^£5 was described by Rosenstein & Hall 
|jj§gnVfact, recent years have seen increasing 
imports of Ps. cepacia isolation from cystic fibro- 
^g^fe (Table 1). An isolation medium for 

^IpSS^ ° f lhis or g anism fr om the respir- 
^^^cretions of such patients has indeed 
^^^|pped (Gilligan et al. 1985; a selective 
l^^or recovery of the organism from 
|i^golutions and lotions has been described 
|^^^Thomp S on 1984). Gilligan & Schid- 
|^^^)r;reported the organism from respir- 
|i^^^- u!tures of approximately 20% of 
li^^atients. They found that recovery of 
j^^^giappeared to be associated with dete- 
nfeftloti of the clinical status of some patients. 
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Jf the patients harboured the organism 
l^pgpne periods (for 6 years in one patient 
l^^^^ramatic change in his disease) but 
^^P^feed to show a progressive and rather 
^^^Horation in their clinical condition, 
i^^^e individuals had rather severe lung 
lllll fat the time of colonization and once 
SSPHfe 1 ?''' 18 almost impossible to eradicate 
|^^^ m (Gi»igan & Schidlow 1984). 
wBSK^ were reported by Isles et at. 
Slifl 6t Ql U985) and by Th omassen et 
'^^^^• eudomonas ce P acia strains from CF 
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patients appear to be particularly virulent 
(Montie et al. 1985) and this is possibly associ- 
ated with the ability of such strains to produce 
pyochelin (Sokol 1986). 

The distribution by source of the strains sub- 
mitted to the NCTC for identification (Table 2) 
reflects their incidence in clinical specimens 
(Table 1). Unfortunately, few clinical details 
were received with the strains so the literature 
has to be relied upon for assessing the clinical 
significance of the organism. However, three of 
the NCTC strains may have been clinically sig- 
nificant. One strain was isolated on three 
separate occasions from a thoracic wound fol- 
lowing surgery to correct a ventricular septal 
defect. Another strain was isolated from an 
intravenous catheter tip and from subsequent 
blood culture of a 23-year-old man with clinical 
septicaemia following pulmonary embolus and 
pneumonia. He had been admitted as a road 
traffic accident casualty with a wedge fracture of 
the third lumbar vertebra and lacerations to the 
legs. Pseudomonas cepacia was not isolated from 
wound swabs, sputum or urine or from aqueous 
chlorhexidine plus cetrimide used to disinfect 
wound tissue. The third strain was isolated in 
pure culture from an infected dog bite wound. 
In general, Ps. cepacia has a low order of patho- 
genicity. In the outbreak of infection caused by 
contaminated anaesthetics described by Schaffr 
ner et al. (1973) clinical disease did not develop 
in any patient despite the introduction of large 
mocula, in several cases more than 10 ml of 
anaesthetic containing 10 5 -10 10 bacteria/ml. 
Similarly, Leyden et ai (1980) reported that an 
inoculum in excess of 10 5 cells is required to 
produce cutaneous damage even on scarified 
skin. It can be seen that Ps. cephcia poses a 
serious threat to the patient in relatively few 
situations despite the fact that few antimicrobial 
agents are regularly effective. 

Strains of Ps. cepacia are generally resistant 
to ampicillin, carbenicillin, cephalothin, colistin, 
gentamicin, kanamycin, neomycin, polymyxin 
streptomycin and tetracycline (Moody et at. 
1972; Matsen 1975). In particular, resistance to 
amikacin, gentamicin and tobramycin has been 
studied by Moellering et ai (1977). Distinct 
resistance patterns have been observed amongst 
isolates of the species (Moody et al. 1972). Chlo- 
ramphenicol has been used in systemic treat- 
ment (Dailey & Benner 1968; Hardy et at. 1970) 
and the combination of trimethoprim with 
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sulphamethoxazole has been found synergistic 
(Seligman et al. 1971; Taplin et al 1971 ; Nord 
et al 1974) and certainly effective (Moody & 
Young 1975). pie sensitivity of strains to readily 
maintained levels of trimethoprim and sul- 
phamcthoxazole indicates this as the treatment 
of choice in many cases. The use of this com- 
bination for the treatment of Ps. cepacia endo- 
carditis has been described by Neu et al 
(1973) and Seligman et al (1971, 1973). In the 
endocarditis case described by Hamilton et 
al (1973) the combination trimethoprim- 
sulphamethoxazole proved successful after 
failure with earlier chloramphenicol treatment. 
Other authors have obtained successful treat- 
ment using/ this combination together with 
other antimicrobial agents— polymyxin B (Rahal 
et al 1973; Noriega et al 1975) and kanamycin 
(Speller 1973). The former authors (Rahal et 
al 1973) also experienced treatment failure 
with chloramphenicol. The combination 
trimethoprim-sulphamethoxazole has also 
proved successful in the treatment of wound 
infections (Bassett et al 1970), septicaemia 
(Phillips et al 1971) and meningitis (Darby 
1976). Apparently only one report has been 
made of susceptibility of some strains to the 
polymyxins (Moody et al 1972), other authors 
report resistance in all strains tested, except 
when used in combination with trimethoprim- 
sulphamethoxazole (Rahal et al 1973; Noriega 
et al 1975). In fact, Feeley et al (1975) reported 
that when an aerosol of polymyxin B was 
administered to the upper airways of 292 
patients in a respiratory-surgical intensive care 
unit, with the intention of preventing pneumon- 
ia due to Ps. aeruginosa, eight patients became 
colonized by Ps. cepacia and pneumonia devel- 
oped in two others. Successful treatment of 
septic arthritis (resulting from contaminated 
methylprednisolone) with gentamicin has been 
reported by Kothari et al (1977). Although cef- 
tazidime, a new aminothiazole cephalosporin, is 
very active in vitro against Ps. cepacia (Gold et 
al 1983; Santos Fcrreira et al 1985; Klinger & 
Thomassen 1985) it has not proved effective in 
the treatment of severe respiratory infections, 
due to this organism, in CF patients (Gold et al 
1983). Other newer antimicrobial agents, such 
as the ^-lactams apalcillin, N-formimidoyl- 
thienamycin, piperacillin, cefotaxime and azlo- 
cillin (Santos Ferreira et al 1985) and 
ciprofloxacin (Klinger & Aronoff 1985) are also 
active against Ps. cepacia in vitro as is amikacin 




combined with aztreonam, piperacillin 
cillin (Aronoff & Klinger 1984)/'H6w 
effectiveness of all these in treatment; 
patient is as yet unknown. PseudomoL 
can even use penicillin G as the^fbll 
carbon and energy (Beckman & L&sj| 
Pseudomonas cepacia is not- patHo^ 
mice and guinea pigs unless very-large^ 
administered (Sorrell & White 1953rS^^|; 
1961 ; Jonsson 1970). Stover et al (1983|^^| 
in a burned mouse model, that Ps. ^^^^f" 
persist in a burn wound for at le^^^^^ 
they suggested that this may proyid^l^ % 
for the study of persistent colpnizat^^if : 
infection in a compromised host Anw 
(1983) found that Ps. cepacia JsUasS 
10661, when grown under different 
nutrient depletions in batch culture? 
varying degrees of susceptibility^ en| 
and killing by human polymorphonud^^S^ 
cocytes and to killing by huma£ seru^^p? 
was also an increase in resistance,:td ^l^^J 
whole blood with decrease in tempera tu|f^a|BS| 
cases whole blood was 6-10 times more e^^t? 
than serum alone in killing the bacterial tefizft 
37X. 
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I am extremely grateful to the staff of^-Nj^) 
Computer Identification Laboratory -forvttt: 
assistance. 
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Multilocus enzyme electrophoresis and ribotyping were used to characterize S3 strains of Pseudomonas 
cepacia 9 mostly isolated from cystic fibrosis (CF) patients, although a number of isolates from non-CF 
nosocomial infections and reference environmental strains were represented. Twenty enzyme electrophoretic 
types (ETs) were determined; of these, one clone (ET12) was associated with six of nine ribotypes (RTs) said 
to be geographically representative of the United Kingdom and all of the Ontario (Canada) isolates from CF 
patients. This clone was not associated with nosocomial infections or environmental strains and was never 
found in CF isolates from British Columbia or Nova Scotia, Canada, or a center in the eastern United States. 
Individual isolate EcoM RT signatures did not cluster geographically as did the ET signatures by clonal 
analysis. Frequently RTs occurred in more than a single ET. Known point source focal nosocomial outbreaks 
were typified by single ETs and stable RTs. Dendrographic analysis of the strains grouped those strains from 
CF patients, nosocomial outbreaks, and environmental sources into separate ET families, and diversity 
analysis indicated that, with the exception of ET17, CF isolates clustered in unique and closely related ETs 
different from those from nosocomial and environmental sources. This study has also shown the potential of 
multilocus enzyme electrophoresis to monitor the intercontinental spread of P. cepacia strains in CF patients, 
and this may have a significant impact on plans for CF patient summer camps and design of infection control 
practices. Whether the intercontinental ET12 clone, which predominates in the United Kingdom and the 
province of Ontario, linked by summer camp acquisition, has increased virulence for CF patients remains to 
be established. 



Recognition by Toronto, Canada, investigators in 1984 (13) 
that Pseudomonas cepacia was an important pathogen in cystic 
fibrosis (CF) disease has been amply confirmed (7, 9, 11, 16, 28, 
30, 31). Early studies (4, 17) of transmission and risk factors 
incriminated person-to-person transmission and nosocomial 
acquisition, while later evidence showed that socially and 
community-acquired infections were of substantial importance 
(10, 29). At present, there are more studies suggesting person- 
to-person transmission of P. cepacia than of Pseudomonas 
aeruginosa (10, 17, 23). Investigations of transmission and of 
clonal virulence have been limited because the usually applied 
techniques of fine identification such as genomic fingerprinting 
by restriction fragment length polymorphisms, although of 
considerable value in outbreak investigations, have not in this 
regard been sufficiently discriminatory (1, 19, 29). Although of 
value in rapid screening of strains for gross genomic similari- 
ties or differences, random amplification fingerprinting (2) is 
limited in that it lacks reproducibility and is not sufficiently 
reliable or robust to evaluate clonal diversity. To date, EcoRl 
ribotyping has been generally accepted as the best method 
available for typing of P. cepacia for epidemiological purposes, 
and length polymorphisms observed after PCR amplification 
of the 16S-23S intergenic spacer regions have been suggested 
as an alternative or adjunct to ribotyping (14, 15). We report 
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here the use of multilocus enzyme electrophoresis (MLEE) to 
determine enzyme profiles for 83 strains of P. cepacia that 
differ widely in their geographic distribution and clinical and 
environmental origins. MLEE was found to clearly differenti- 
ate isolates according to origin and clinical source to a degree 
not obtained with £coRI ribotyping or other previous methods. 

MATERIALS AND METHODS 

Bacterial strains. Sources of P. cepacia strains used in this 
study are summarized in Table 1. We selected strains from CF 
patients who were geographically widely distributed and also 
included some strains from both nosocomial outbreaks and the 
environment. The isolates from CF patients in Vancouver (n = 
14), Ottawa (n = 10), and Halifax (n = 18), Canada, were 
collected over a period of 9, 2, and 7 years and were isolated 
from 12, 2, and 3 patients, respectively. American Type 
Culture Collection (ATCC) reference strains were included for 
reference purposes. The identification of all strains as classical 
P. cepacia was confirmed by fatty acid methyl ester analysis (8, 
22) and conventional biochemical phenotypic characterization 
prior to inclusion in the study. Isolates were frozen in glycerol- 
peptone at - 70°C for prolonged storage and used as required. 

Preparation of enzyme extracts. P. cepacia isolates from 
storage were grown overnight at 37°C on heart infusion agar 
plates (Difco Laboratories). Cultures were harvested by scrap- 
ing the growth from one petri dish (150 by 15 mm) per strain 
and suspending the cells in 2 ml of 10 mM Tris~l mM 
EDTA-0.5 mM NADP (pH 6.8). Cells were lysed with a 
Braun-sonic 1510 sonicator (B. Braun Melsungen AG) with 
three 10-s sonication pulses, each followed by at least 1 min of 
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TABLE I. Clinical associations and geographic sources of P. cepacia isolates 



Clinical association or source 



Geographic location 



No. of strains 



Ahhreviation 



CF palier.ls 



Strains from CF patients used for serotyping 



Nosocomial outbreak 
ATCC reference strains 



Canada 



Vancouver, British Columbia 


14° 


CF-VAN 


Toronto, Ontario 


4 


CF-TOR 


Sudbury, Ontario 


1 


CF-SUD 


Ottawa, Ontario 


10" 


CF-OTT 


Halifax, Nova Scotia 


18° 


CF-HFX 


United States (Pittsburgh) 


4 A 


CF-PITT 


United Kingdom and Ireland' 






Rirminpham 

MJ II llllll Cl 1 Q 1 1 1 


1 


CF-BIRM 


Belfast 


2 


CF-BELF 


Edinburgh 


1 


CF-EDIN 


London 


2 


CF-LOND 


Manchester 


1 


CF-MANC 


Dublin 


2 


CF-DUBL 


Canada and United States'' 






Toronto (serotype A) 


1 


CF-STA 


Cleveland (serotype B) 


1 


CF-STB 


Calgary (serotype C) 




CFSTC 


Cleveland (serotype D) 


1 


CF-STD 


Toronto (serotype E) 


1 


CF-STE 


Ottawa (neonatal nursery) 


6 


NS-OTT 


Pittsburgh 


9 


NS-PITT 


Bronchial washings (ATCC 25609) 


I 


ATCC-HUM 


Onion (ATCC 25416) 


I 


ENV-ONIO 


Forest soil (ATCC 17759) 


1 


ENV-SOIL 



" Some isolates in these groups were collected from the same patients over extended time periods and were obtained courtesy of D. Haase (Halifax). D. Spccrt 
(Vancouver), and N. MacDonald (Ottawa). 

h Strains received from D. Spcert, provided by T. Stult and representative of the RTs as previously described (17). 

■' Strains received courtesy of M. Kaufmann. Central Public Health Laboratory, Division of Hospital Infection. Colindale. London, and representative of typical 
United Kingdom and Ireland RTs. 

Strains received from D. Woods, representative of serotypes A to E (21 ). 

Strains received from J. LiPuma, representative of the seven outbreaks previously described by Rankin ct al. (24). 



ice bath cooling. Each sample was centrifuged in a 1.5-ml 
microcentrifuge tube for 20 min at 12,000 X g in an Eppendorf 
refrigerated centrifuge. The supernatant was filtered with 
0.2-u,m-pore-size sterile Acrodisc low-protein-binding nonpy- 
rogenic membrane filters (Gelman Sciences). Aliquots (1 ml) 
were stored in vials at - 70°C. 

Electrophoretic enzyme typing. Electrophoretic analysis of 
enzymes and subsequent staining procedures were performed 
as described by Selander et al. (26) and Carson et al. (5). 
Starch was purchased from Connaught Laboratories Ltd., 
Willowdale, Ontario, Canada. The following enzymes were 
assayed: adenylate kinase (ADK; EC 2.7.4.3), esterases (EST; 
EC 3.1.1.1), fumarase (FUM; EC 4.2.1.2), glutamic-oxalacetic 
transaminase (GOT; EC 2.6.1.1), glucose-6-phosphate dehy- 
drogenase (G6P; EC 1.1.1.49), 3-hydroxybutyrate dehydroge- 
nase (HBD; EC 1.1.1.30), isocitrate dehydrogenase (IDH; EC 
1.1.1.42), 6-phosphogluconate dehydrogenase (6PG; EC 
1.1.1.44), phosphoglucose isomerase (PGI; EC 5.3.1.9), and 
malate dehydrogenase (MDH; EC 1.1.1.37). Electromorphs 
(alloenzymes) of each enzyme were numbered by decreasing 
anodal mobility and were equated with alleles at the corre- 
sponding structural gene locus. Distinctive combinations of 
alleles over the 1 1 enzyme loci (multilocus genotypes) were 
designated electrophoretic types (ETs). Simultaneous double- 
allele banding patterns observed for HBD and IDH were 
scored independently and designated HBT (top), HBB (bot- 
tom), and IDH (top). 

Ri bo type (RT) analysis. P. cepacia was cultured for DNA 
extraction as described above. Cells were harvested into TE 
buffer (10 mM Tris-HCl [pH 8.0], 1 mM EDTA) and lysed by 
the addition of sodium dodecyl sulfate and proteinase K 



(Boehringer Mannheim) to 0.5% and 50 u,g/ml, respectively, 
and incubation at 37°C for 30 min. DNA was extracted and 
quantified by standard techniques (25) and rcsuspended in TE 
buffer plus 10 mg of RNase (Boehringer Mannheim) per ml. 
DNA (5 |xg) was digested with 50 U of EcoRI in accordance 
with the manufacturer's specifications (Boehringer Mann- 
heim) and analyzed by electrophoresis using 0.8% agarose gels 
in TAE buffer (40 mM Tris-20 mM acetic acid-1 mM EDTA) 
with ethidium bromide (10 u,g/ml). In each gel, HindUl DNA 
fragments of X (G1BCO BRL) were used as migration refer- 
ences. Size-separated restriction fragments were transferred to 
a Hybond-N + membrane (Amersham) with a PosiBlot pres- 
sure blotter (Stratagene) and then fixed to the membrane by 
cross-linking using a UV Stratalinker (Stratagene). The 7.5-kb 
BamHl fragment of plasmid pKK3535 containing the E. coli 
rrnB gene was used as a probe. The E. coli strain harboring 
pKK3535 was received through the courtesy of M. Altwegg, 
Department of Medical Microbiology, University of Zurich 
(20). The probe was randomly labelled with digoxigenin-1 1- 
dUTP using the DIG DNA Labelling and Detection Kit 
(Boehringer Mannheim). Hybridization was performed at 
65°C following methods recommended for Hybond-N+ using 
approximately 50 ng of labelled probe. Chemiluminescence 
detection procedures were performed as described in the DIG 
DNA Labelling and Detection Kit. The rRNA gene finger- 
prints of isolates were visually scored and given numerical 
designations for each unique RT. 

Statistical analysis. Genetic diversity (/i) at a given enzyme 
locus among either ETs or isolates was calculated from the 
allele frequencies among ETs or isolates as h = ( 1 - lr, 2 )(n//i 
- 1), where x, is the frequency of the ith allele and n is the 
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TABLE 2. Clonal allelic profiles and frequency of isolation of strains belonging to 20 ETs of P. cepacia 



ET 


No. of isolates 


Strain(s) clustering in ET 






Electrophoretic position of allele at enzyme locus: 






Strain signature EcoRI 
RT(s) (no. of isolates) 


(total = 83) 


group (no. of isolates)" 


HBT 


HBB 


1DH 


MDH 


6PG 


G6P 


GOT 


ADK 


EST 


FUM 


PGI 


1 


1 


CF-STB 


0 


2 


5 


1 


2 


1 


3 


3 


6 


1 


3 


17 


2 


1 


CF-VAN 


0 


2 


7 


1 


2 


3 


4 


1 


0 


1 


1 


24 


3 


1 


NS-PITT 


0 


2 


7 


1 


3 


3 


5 


1 


0 


1 


1 


24 


4 


2 


CF-VAN, CF-BIRM 


1 


2 


1 


1 


4 


1 


3 


5 


0 


2 


5 


18, 20 


5 




CF-VAN 


1 


2 


1 


2 


4 


1 


3 


5 


0 


2 


5 


26 


6 


3 


CF-VAN 


2 


1 


1 


1 


4 


1 


3 


5 


0 


2 


5 


19(3) 


7 


1 


CF-LOND 


2 


2 


1 


1 


2 


1 


3 


5 


0 


2 


5 


20 


8 


2 


NS-PITT 


2 


3 


3 


1 


2 


2 


1 


4 


6 


1 


2 


30,31 


9 


1 


ENV-SOIL 


3 


2 


2 


1 


3 


1 


1 


3 


4 


2 


3 


10 


10 


1 


NS-PITT 


3 


2 


5 


1 


2 


1 


3 


3 


6 


3 


1 


34 


11 


5 


NS-OTT (2) 
NS-PITT (2) 
CF-STC(l) 


3 


3 


6 


1 


4 


3 


3 


4 


3 




3 


7(2) 
32, 33 
7 


12 


22 


CF-ONT(15) 
CF-UK (6) 
CF-STA (1) 


4 


2 


2 


1 


2 


1 


3 


3 


2 


2 


3 


1(2), 2,4(10), 15,23 
1, 2, 3, 4 (2), 5 
5 


13 


1 


CF-VAN 


4 


2 


2 


1 


2 


1 


3 


3 


6 


2 


3 


22 


14 


1 


CF-DUBL 


4 


2 


5 


1 


1 


1 


2 


3 


1 


2 


3 


25 


15 


1 


NS-PITT 


4 


2 


5 


1 


2 


1 


3 


1 


1 


2 


1 


12 


16 


18 


CF-HFX 


4 


2 


5 


1 


2 


1 


3 


2 


1 


2 


1 


12(14), 27, 28, 29 (2) 


17 


12 


CF-VAN (7) 

CF-STD and CF-STE (2) 
NS-PITT (2) 
ATCC-HUM 


4 


2 


5 


1 


2 


1 


3 


3 


1 


2 


1 


11, 12(4), 13, 14 

12, 16 
12(2) 
8 


18 


4 


NS-OTT 


4 


2 


5 


1 


2 


1 


3 


3 


1 


2 


3 


6(4) 


19 


1 


ENV-ONIO 


4 


4 


2 


1 


2 


1 


2 


3 


5 


2 


3 


9 


20 


4 


CF-PITT 


5 


4 


4 


1 


2 


1 


4 


5 


0 


2 


4 


21 (4) 



u See Table 1 for abbreviations. 



number of ETs or isolates (26). Mean genetic diversity (H) is 
the arithmetic average of the h values for all of the loci. 
Genetic distance was expressed as the proportion of mis- 
matched loci between pairs of ETs, and null alleles were 
excluded from the calculation of pairwise distances. The 
multilocus diversity analysis and dendrogram based on the 
average-linkage algorithm were generated by using ETDIV 
and ETCLUS programs (version 2.3) provided through the 
courtesy of T. S. Whittam, Institute of Molecular Evolutionary 
Genetics, Pennsylvania State University. Linkage disequilib- 
rium analysis was performed by using the ETLINK component 
of this analysis software. 

RESULTS 

In the collection of 83 strains of P. cepacia described in 
Table 1 and analyzed by MLEE and EcoRI ribotyping, 66 were 
isolates from sputum samples from chronically colonized CF 
patients and included 5 isolates used to develop a differential 
serotyping scheme (21). Of the other 18 strains, 15 came from 
point source nosocomial infections and 3 were ATCC strains, 
with 2 originating from the environment and 1 from a human 
source. To our knowledge, only the CF isolates used for 
serotyping had been previously examined by MLEE (5). Some 
of the isolates which were kindly provided by other laborato- 
ries had been categorized by these sources as having RTs that 
were representative of the strains isolated in their geographic 
area. 

Of the 14 enzymes originally described for P. cepacia MLEE 
analysis (5), 10 showed differences in electrophoretic mobility 
that were readily interpretable and polymorphic for a range of 
two to seven alleles. Although single alleles were observed for 
most enzymes in this MLEE analysis, two alleles were detected 



simultaneously for both HBD and IDH in almost all isolates 
and double-allele banding patterns were scored for HBD 
(HBT and HBB). Only one of the IDH alleles was sufficiently 
polymorphic to warrant statistical analysis. Initially aconitase, 
phosphoglucomutase, alkaline phosphatase, and acid phos- 
phatase were included in the enzymes analyzed, but these were 
eliminated on the basis of banding patterns that were poorly 
defined and difficult to interpret. Peptidases, malic enzyme, 
and aspartate dehydrogenase were chosen as possible replace- 
ments but failed to produce consistent recordable banding 
patterns for the majority of isolates. Thus, 1 1 enzyme loci were 
scored for 10 polymorphic enzymes as specified earlier. 

Enzyme profiles of the 83 P. cepacia isolates allowed the 
identification of 20 ETs, for which the strain source, EcoRI 
RT, and individual allelic profiles are shown in Table 2. The 
average number of alleles per locus for all isolates and the 
three categories of strains or populations is presented in Table 
3 and varies from 4.64 for the total number of isolates to 1.45 
for the environmental strains. The reference strains used for 
serotyping were analyzed as CF isolates for assignment of 
population category but have been designated CF-STA to 
CF-STE to assist in the interpretation of results. ET diversity 
for the total population and within each major category ranged 
from 0.780 for CF samples to 0.795 for nosocomial samples 
and 0.848 for all ETs as indicated in Table 3. The mean genetic 
diversity within 20 ETs and within 83 isolates (H) also appears 
in Table 3 for the total population of strains and the three 
categories. Among the ETs in which CF isolates clustered, six 
were favored by multiple isolates (2 to 22); consequently, there 
was less genetic diversity, on average, among isolates (H = 
0.343) than among ETs (H = 0.558). This observation was 
consistent with the greater genetic diversity among ETs in the 
total population (H = 0.581) compared with that among 
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TABLE 3. Analysis of the genetic diversity among multi locus ETs and isolates of P. cepacia by using allelic differences at 1 I enzyme loci 



Population 


No. of ETs 


No. of isolates 


Polymorphic 
loci 


Mean no. 
of alleles 


ET 

diversity" 


W 


Genetic diversity among: 
ETs Isolates 

SE SE 


Total 


20 


83 


1.00 


4.64 


0.848 


0.581 


0.069 


0.408 0.072 


CF 


13 


66 


LOO 


3.82 


0.780 


0.558 


0.072 


0.343 0.079 


Nosocomial 


7 


15 


0.91 


3.00 


0.795 


0.606 


0.070 


0.543 0.062 


Environmental 


2 


2 


0.45 


1.45 


0.000 


0.455 


0.157 


0.455 0.157 



" Estimates probability that two isolates chosen at random from within a population arc of different ETs. 

h Mean genetic diversity (H) is the arithmetic average of h values for all loci calculated by /i = (I - £ x, 2 )(n/n - I ). Details of h values for individual enzyme loci 
arc given in Table 4. 



isolates (H = 0.408). Since most of the ETs which represented 
nosocomial and environmental isolates contained only single 
isolates, there was less difference in genetic diversity between 
ETs and isolates for these two population subsets. For the total 
population, single-locus diversity (h) was high for IDH (0.821), 
EST (0.805), HBT (0.800), PGI (0.742), and ADK (0.737). This 
pattern was similar for isolates from CF patients, arid some 
differences were observed in frequencies for G6P and FUM for 
nosocomial isolates (Table 4). Linkage disequilibrium (D') 
calculated for each pair of alleles at two loci and the frequency 
tabulated over all pairs of loci resulted in a U-shaped distri- 
bution from -1.0 (D' = 0.606) to +1.0 (D f = 0.218). This 
distribution of D' values is typical for Escherichia coli popula- 
tions and is the consequence if most pairs of alleles are in 
complete association (3, 12). 

ETs 12, 16, and 17 were most represented among our ET 
groups, containing 22, 18, and 12 isolates, respectively (Table 
2). An analysis of a much larger number of isolates would have 
to be examined to establish whether these ETs predominate in 
all clinical isolates of P. cepacia. Without exception, however, 
all of the isolates found to cluster by MLEE in ETs 12 and 16 
originated from CF patients and included the serotype A 
reference strain originally isolated from sputum of a CF 
patient in Toronto. The serotype A strain snared a common 
RT (RT5) with one of the representative strains from London, 
United Kingdom. ET17 was more diverse and clustered iso- 
lates from CF patients in Vancouver with nosocomial strains 
from the United States, two of the serotyping strains, and the 



TABLE 4. Genetic diversity at 1 1 enzyme loci for ail P. cepacia 
strains and three populations 



Single-locus diversity (h) of: 



Allele 


Total 


CF 


Nosocomial 


Environmcr 




population 


samples 


samples 


samples 


HBT 


0.800 


0.833 


0.810 


1.000 


HBB 


0.437 


0.423 


0.476 


1.000 


IDH 


0.821 


0.833 


0.714 


0.000 


MDH 


0.100 


0.154 


0.000 


0.000 


6PG 


0.553 


0.564 


0.524 


1.000 


G6P 


0.353 


0.282 


0.667 


0.000 


GOT 


0.574 


0.410 


0.524 


1.000 


ADK 


0.737 


0.744 


0.762 


0.000 


EST 


0.805 


0.756 


0.810 


1.000 


FUM 


0.468 


0.385 


0.714 


0.000 


PGI 


0.742 


0.756 


0.667 


0.0(H) 



H a (SE) 0.581(0.069) 0.558(0.072) 0.606(0.070) 0.455 (0.157) 



" Mean genetic diversity (W) is the arithmetic average of h values for all loci 
calculated by h = (/ - 2 xf){nln - 1). 



ATCC reference strain from bronchial washings. Serotyping 
strains D and E clustered in ET17; originated from Cleveland, 
Ohio, and from Toronto; and were RT16 and RT12, respec- 
tively, in this study. 

Three genetically similar families of ETs were observed for 
CF isolates with a genetic distance of <0.200 (Fig. I) and 
included ETs 4, 5, 6, and 7 with 7 isolates from Vancouver, 
Birmingham (United Kingdom), and London; ETs 12 and 13 
with 23 isolates from Canada, the United Kingdom, and 
Ireland; and ETs 15, 16, and 17 with 31 isolates from Halifax, 
Vancouver, Cleveland (serotype D), and Toronto (serotype E). 
All strains in this study from Ontario (Canada) clustered in 
ET12 in addition to the representative strains from Manches- 
ter, London, and Edinburgh in the United Kingdom; two 
strains from Belfast, United Kingdom; and one from Dublin, 
Ireland. This ET is characterized by a unique EST-2 allele 
which may be a marker for the predominant clone in the 
United Kingdom-Eire and Ontario. 

In the total population of 83 strains, 34 EcoRI RTs were 
identified as indicated in the last column of Table 2. An 
observation that may have significance is that the ETs that 
contained strains from a variety of CF patients consistently 
demonstrated a greater diversity of RTs than did ETs contain- 
ing predominantly nosocomial isolates. In addition, the same 
RT was frequently observed to occur in more than a single ET 
(Fig. 1) as follows: RT24 in ETs 2 and 3, RT20 in ETs 4 and 7, 
and RT12 in ETs 15, 16, and 17. These data suggest that 
isolates from ETs 3 and 15 have high potential for nosocomial 
spread to CF patients. Of all the CF isolates characterized by 
MLEE, only ET20, comprising four strains from the CF center 
in Pittsburgh, Pa., diverged from the other clusters at a genetic 
distance of more than 0.60. These results may be indicative of 
nosocomial or environmental acquisition in this particular 
patient population. In this study, the majority of ET12 isolates 
from Ontario CF patients were of RT4 and identical to the 
RTs for Manchester and Dublin, and the single Edinburgh 
isolate, although ET12, was identified as RT3. 

DISCUSSION 

Analysis of the data from MLEE and EcoR\ ribotyping of 
our P. cepacia isolates demonstrated three main features. First, 
by MLEE, P. cepacia found in the environment is demonstra- 
bly quite different genomically from pulmonary and nosoco- 
mial isolates and unlikely to be responsible for infections in CF 
patients. Since the number of environmental strains we exam- 
ined is unde represented in this study, additional strains would 
need to be studied to validate this conclusion. Second, isolates 
of P. cepacia colonizing CF patients attending the same clinic 
almost always have the same ET and frequently different RTs. 
This strongly suggests that this pathogen is readily transferred 
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0.8 



0.6 



0.4 

Genetic Distance 



0.2 



0.0 



ET 




5 


CF-VAN 


4 


CF-VAN/BIRM 


7 


CF-LOND 


6 


CF-VAN 


10 


NS-PITT 


1 


CF-STB 


13 


CF-VAN 


12 


CF-ONT/UK 


19 


ENV-ONION 


16 


CF-HFX 


15 


NS-PITT 


17 


CF-VAN 


18 


NS-OTT 


14 


CF-DUBL 


9 


ENV-SOIL 


20 


cf-pitt 


3 


NS-PITT 


2 


CF-VAN 


11 


NS-OTT/PITT 


8 


NS-PITT 



FIG. 1. Genetic relationships among 83 strains and 20 ETs of P. cepacia isolated from CF patients, nosocomial infections, and environmental 
sources. ETs are numbered as assigned after multilocus diversity analysis (ETDIV) based on 1 1 enzyme loci, and the dendrogram resulted from 
a cluster analysis (ETCLUS) of genetic distances by the average linkage algorithm using statistical analysis programs (version 2.3) provided by T. S. 
Whittam. The number (n) of isolates is indicated for each ET. See Table 1 for source abbreviations. 



patient to patient, especially in social settings as recently 
documented (10, 29). Third, cluster analysis of isolates from 
particular geographic areas groups them into the same ETs, 
even when their RT profiles are widely different. Geographic 
areas appear to nurture unique clones of P. cepacia, and ET 
analysis clearly groups these strains. 

The stable characteristics of MLEE allowed the clear dem- 
onstration of intercontintental spread. The Ontario isolates 
* from CF patients which we grouped as ET12 were identical to 
many isolates from the United Kingdom but different from the 
representative strains from the eastern United States (ET20) 
and both the Atlantic and Pacific coasts of Canada. This was, 
in part, not unexpected since a recorded epidemic of a highly 
transmissible strain in the United Kingdom (10) included two 
colonized patients who were said to have spent time in an 
Ontario summer camp in September 1990. In our study, both 
the Manchester isolate and the majority of the Ontario CF 
isolates were not only of identical ET but also of identical RT 
(RT4). The Edinburgh isolate, although ET12 and considered 
part of the same endemic cluster, was RT3. Of some interest is 
the fact that a few of the ET12 strains from Ontario pediatric 
CF patients were isolated in 1987 and 1988 and therefore 
appear to have been established in Ontario prior to 1990. 
Intercontinental spread of this putative virulent clone may 
predate the camp of 1990 that is said to have been the source 
of the United Kingdom outbreak (10). Although we have no 
additional information on this feature, we surmise that there 



may have been summer camps in earlier years at which contact 
and transmission occurred. Additional investigations will be 
required to establish the initial date and direction of spread of 
P. cepacia (ET12) between the United Kingdom and Ontario. 
These circumstances suggest that camps attended by CF 
patients in regions far removed from their own communities 
represent a risk of infection with different P. cepacia strains, 
some of which may have enhanced virulence. 

It is our general conclusion that MLEE provides data on 
clonal ity which are stable and capable of delineating families of 
strains typical of geographic and regional P. cepacia popula- 
tions, uninfluenced by trivial and ephemeral factors. In this 
respect RT analysis is unsatisfactory, being sensitive to selec- 
tive pressures from the patient and the intimate environment. 
Used together, however, these techniques provide the degree 
of discrimination required of serious demographic and epide- 
miological studies. This approach has been previously recom- 
mended (6) for the analysis of P. aeruginosa isolates from 
chronic lung infections in CF patients. 

Finally, with respect to available techniques, in our experi- 
ence with P. cepacia, the technique which identifies most 
sensitively the highest level of genetic drift is neither ET nor 
RT analysis but is restriction fragment analysis using pulsed- 
field gel electrophoresis after restriction endonuclease diges- 
tion with specific enzymes which cleave infrequently. Choice of 
these enzymes is critical to ensure adequate pattern complexity 
of restriction fragments and permit strain discrimination. 
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Pulsed-field gel electrophoresis is the most sensitive to changes 
caused by selective environmental pressures in the host and is 
most useful if a method at the extremity of sensitivity is 
required but is limited as a typing method by this very 
sensitivity. 

Of particular interest is the family of ET clusters obtained by 
MLEE which indicate the close genetic relatedness of the 
clinical CF isolates, inclusive of even the archived ATCC 
reference strain from a bronchial washing. Although isolates in 
these clusters represent many different RTs by conventional 
EcoRl analysis (Table 2) (and more by a discriminatory 
extended ribotyping using three additional endonucleases 
[13b]), their close genetic relationship is apparent in MLEE 
linkage analysis. In addition, and perhaps just as significantly, 
7 of 15 strains representative of nosocomial infections unre- 
lated to CF formed a single, closely related family of ET8 and 
ET1 1 while other nosocomial isolates were generally distant 
from each other genetically. This analysis of strain relation- 
ships is not possible when conventional or even extended 
ribotyping is used as the discriminator. When dendrographic 
analysis was attempted using RT data, the resulting dendro- 
gram appeared more as a lawn rake than as a tree, indicative 
of the lack of information in this method with which to analyze 
stable genetic relationships. MLEE, however, appears to be a 
robust technology ideally suited to analysis of genetic related- 
ness which ignores changes in genotype identified by ribotyp- 
ing, which provides individual strain signatures suitable for 
identifying their patient origins rather than that of their family. 
Both are, of course, equally valuable in their place when the 
complete characterization of isolates is desirable. 

In the cases of point source nosocomial outbreaks in this 
study, the isolates clustered in unique ETs and were typified by 
a single, stable RT per outbreak. 

When the mutational evolution of a strain occurs in the 
same CF patient over years with little evidence for outside 
acquisition, we have observed in several cases that selective in 
vivo pressures may frequently alter the pulsed-field gel elec- 
trophoresis pattern and also the RT but that the ET does not 
change (13a). This is in contradiction to previous reports which 
have documented RT stability of serial pulmonary isolates (15, 
18). Discrepant observations such as these need clarification by 
a definitive evaluation of archived strains from both pediatric 
and adult CF patients acutely and chronically infected with P. 
cepacia. Such studies will establish whether genomic variation 
of the same colonizing strain is occurring in vivo or whether the 
patients are suprainfected with multiple or distinct strains and 
perhaps, if these changes are associated with clinical deterio- 
ration, may identify strains of special virulence. 

It seems apparent from these and other observations that 
the minor genomic base changes that alter the number and 
location of specific restriction recognition sequences and hence 
give rise to altered restriction fragment length polymorphism 
and RT patterns do not frequently result in amino acid 
alteration compatible with enzyme functions that are the 
source of allelic (electrophoretic) changes in MLEE. These 
changes are unselective of virulence or transmission character- 
istics, being initiated by background mutational events charac- 
teristic of bacterial DNA (27), but we suggest that the ET 
profile better describes strains that have been selected for 
virulence by the in vivo milieu of the CF patient. CF patients 
and those compromised by nosocomial experiences may also 
select the more virulent representatives from the general P. 
cepacia population of all possible ETs. MLEE analysis, be- 
cause of its characteristics, will be especially useful in these 
circumstances for the investigation of pathogenesis, carrier 
state, and transmission. 
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Ten clinical isolates of Pseudomonas cepacia from the sputum of cystic fibrosis patients were examined for the 
ability to produce lipase. Lipase substrates used included egg yolk agar, four different polyoxyethylene 
sorbitans (T weens), and p-nitrophenylphosphorykhollne, a chromogenk substrate used to assay for phospho- 
lipase C. Lipase activity was detected in the filtrates of organisms grown to the exponential phase in either 
tryptose minimal medium or chemically defined medium. Lipase activity increased in the filtrates if the cultures 
were allowed to proceed into the stationary phase. None of the isolates produced phospholipase C. Lipase 
activity on Tween 20 ranged from 41.6 x 10~ 3 to 640.0 x 10" 3 U/pg of protein. The activity was similar or 
slightly lower when Tween 40, 60, or 80 was used as the substrate. There was no correlation between lipase 
activity on Tween and that demonstrated on egg yolk agar. Lipase activity increased as pH increased from 7.0 
to 9.0. Boiling for 5 min resulted in 66% loss of enzyme activity. The remaining activity continued to decrease 
with increasing boiling time. The enzyme was purified by gel filtration on Sephadex G-200, and the resultant 
preparation, when subjected to polyacrylamide gel electrophoresis, resulted in a single protein band (molecular 
weight, approximately 25,000) from which lipase activity could be eluted. The purified lipase was not cytotoxic 
to HeLa cells, nor was it toxic when injected intravenously into mice. 



Pseudomonas cepacia, previously known by the syn- 
onyms P. multivorans and P. kingae (20), was characterized 
in 1950 by Burkholder (4) as the causative agent of bacterial 
rot in onion bulbs. Once thought only to be a phytopathogen, 
this organism is now recognized as an important opportunis- 
tic agent of human disease (19, 22). Recently, it has received 
a good deal of attention owing to its increasing association 
with fatal pulmonary infections in patients with cystic fi- 
brosis (CF) (10, 25, 27). It is not closely related to P. 
aeruginosa, the most common organism isolated from the 
respiratory tract of CF patients (26), but, based on nucleic 
acid homology, is more closely related to the P. pseudomal- 
lei RNA group II (18). 

Relatively little is known concerning the virulence factors 
of this organism. It has been shown by McKevitt and Woods 
(16) that P. cepacia produces a number of extracellular 
products including protease, gelatinase, hemolysin, and li- 
pase. A role for any of these extracellular products in the 
disease produced by this organism has not been demon- 
strated. Also, these investigators were unable to demon- 
strate the production of exotoxin A or exoenzyme S by P. 
cepacia (16). 

Although other extracellular bacterial enzymes such as 
proteases have received more attention in the study of 
possible virulence factors, there is evidence to indicate that 
lipases, particularly phospholipase s, may play an important 
role in virulence. The alpha-toxin of Clostridium perfringens 
has been shown to be a lecithinase (15). Staphylococcus 
aureus produces a lipase which may, by hydrolyzing the 
lipids on the epithelial surface of human beings, enhance the 
colonization of the skin by this organism (29). Esselmann 
and Liu (8) reported that a number of gram-negative organ- 
isms, including Vibrio cholerae and several Pseudomonas 
species, also produce lipases, most notably phospholipase 
C. This enzyme is a lecithinase which catalyzes the hydro- 
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lysis of phosphatidylcholine, a phospholipid found in the 
membranes of animal cells, into phosphory (choline and 
diacylglycerol (8). There is evidence that this enzyme is a 
virulence factor in pulmonary infections (13, 21). Liu (13) 
has suggested that the cytopathology to lung tissues in 
pulmonary infections by P. aeruginosa is due to the action of 
phospholipase C on phospholipids which make up the sur- 
factant covering mammalian lung surfaces. 

Since P. cepacia has often been described as being lipo- 
lytic (2, 5, 12, 16, 17, 23), we decided to investigate the 
incidence and nature of the lipase produced by this or- 
ganism. Lipase activity of P. cepacia is well documented in 
the literature. Starr and Burkholder (23) described lipolytic 
activity by Pseudomonas species as early as 1941. In 1959, 
Morris and Roberts (17) isolated a group of pseudomonads 
from soils in Trinidad which they described as ** strongly 
lipolytic." These isolates were later characterized as P. 
cepacia (2). McKevitt and Woods (16) reported that 32 of 48 
strains of P. cepacia isolated from CF patients demonstrated 
lipase activity on egg yolk agar (16). Carson et al. (5) isolated 
three strains of P. cepacia from distilled water and assayed 
them for the ability to hydrolyze fat using synthetic sub- 
strates, Tweens 20, 40, and 80. All three strains were able to 
hydrolyze these substrates. 

The first objective of this study was to establish the 
conditions which would lead to the best quantitation of 
lipase production by P. cepacia. Second, we were interested 
in quantitative examination of a number of clinical isolates of 
this organism for lipase production and whether any of these 
clinical isolates produced phospholipase C. Finally, we 
wished to purify the enzyme responsible for the hydrolysis 
of fat and examine its potential for toxicity in tissue culture 
and in vivo. 

MATERIALS AND METHODS 

Bacterial strains and culture conditions. Bacterial strains 
used in this study were isolated from sputum samples from 
patients diagnosed as having CF. Strains 48b, 90ee, 99bb, 
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155f, 224c, and 710m were obtained from J. D. Klinger, 
Rainbow Babies' and Children's Hospital, Cleveland, Ohio, 
and strains K19-2, K56-2, K30-6, and R5231-2 were obtained 
from C. L. Prober, The Hospital for Sick Children, Toronto, 
Ontario, Canada. All strains were maintained frozen in 
tryptic soy broth and 20% glycerol at -70°C. Liquid cultures 
were grown in Anwar chemically defined medium consisting 
of 3 mM KC1, 12 mM (NH 4 ) 2 S0 4 , 3.2 mM MgS0 4 , 1.2 mM 
K 2 HP0 4 , 0.02 mM FeSo 4 , 3 mM NaCl, and 20 mM glucose 
in 50 mM 3-(JV-morpholino)propanesulphonic acid (MOPS; 
Sigma Chemical Co., St. Louis, Mo.), pH 7.6 (1). One-liter 
cultures were grown in 2-liter shaker flasks at 37°C in a water 
bath adjusted to 200 rpm. After 24 h of incubation, the 
cultures were harvested by centrifugation at 17,000 x g for 
30 min at 4°C. The supernatant was concentrated to dryness 
by lyophilization, reconstituted to 50 ml with 50 mM Tris 
hydrochloride (Sigma) (pH 7.6), and dialyzed for 2 days 
against the same buffer at 4°C with daily changes of buffer. 

For the assay of phospholipase C activity, 2-ml cultures 
were grown in tryptose minimal medium (120 mM Tris 
hydrochloride buffer [pH 7.2], 0.1% tryptose (Difco Labora- 
tories, Detroit, Mich.], 20 mM (NH 4 ) 2 S0 4 , 1.6 mM CaCl 2 , 10 
mM KCI, 50 mM glucose) (24). Egg yolk agar plate assays 
were done on tryptic soy agar with the addition of 0.11% 
CaCI 2 and 5% egg yolk. 

Assays. Isolates were screened for the ability to produce 
lecithinase activity on egg yolk agar by the method described 
by Esselmann and Liu (8). Lecithinase-positive colonies 
were identified by an opaque zone extending from the edge 
of the colony. 

Lipase activity was also measured with polyoxyethylene 
sorbitans (Tweens 20, 40, 60, and 80; Sigma) as substrates by 
the method described by Tirunarayanan and Lundbeck (28). 
Tweens 20, 40, 60, and 80 are esters of lauric, palmitic, 
stearic, and oleic acids, respectively. Briefly, the reaction 
mixture consisted of 0.1 ml of 10% Tween in 50 mM Tris 
hydrochloride (pH 7.6) (Tris buffer), 0.1 ml of 1 M CaCI 2 in 
Tris buffer, 0.5 ml of concentrated culture supernatant, and 
2.3 ml of Tris buffer. Duplicate samples were prepared for 
each isolate tested and incubated in a 37°C water bath for 2 
h. Reagent blanks were prepared with 0.5 ml of deionized 
water instead of supernatant. Tween is cleaved to produce a 
fatty acid and an alcohol. In the presence of calcium, an 
insoluble fatty acid salt is formed, giving a precipitate which 
can be measured turbidimetrically at 400 nm. One unit of 
lipase activity was defined as that amount of enzyme which, 
after 2 h under the conditions of the assay, resulted in an 
increase of optical density at 400 nm (OD 400 ) of 0.01. 
Activity was reported as units per microgram of total pro- 
tein. 

p-Nitrophenylphosphorylcholine (Sigma) was used to as- 
say for the production of phospholipase C by the method of 
Kurioka and Matsuda (11). Phospholipase C hydrolyzes 
p-nitrophenylphosphorylcholine to phosphorylcholine and 
p-nitrophenol in the presence of sorbitol or glycerol and 
Zn 2+ . p-Nitrophenol is chromogenic and was measured at 
410 nm. Phospholipase C (type 1; Sigma) from C. perfrin- 
gens was used as a positive control. The amount of total 
protein in the samples was quantified by the method of 
Lowry et al. (14). 

Effects of boiling on lipase activity. Four sets of duplicate 
samples of concentrated supernatant from strain 90ee were 
placed in a boiling- water bath for 5, 10, 15, and 30 min, 
respectively. After boiling, the samples were cooled and 
assayed for lipase activity on Tween 20 in 50 mM Tris buffer, 
pH 7.6. Activity, reported as units per microgram of total 



protein, was compared with that of the unheated control, 
and percent activity was calculated. 

Growth curve experiments. For growth curve experiments, 
1 liter of Anwar defined medium was inoculated with washed 
cells to an OD 540 of 0.15. Optical density was determined at 
540 nm at 1-h intervals. Samples (10 ml) were then trans- 
ferred to centrifuge tubes, and the cells were harvested by 
centrifugation for 30 min at 17,000 x g. The supernatants 
were frozen, lyophilized, reconstituted to 1.0 ml with 50 mM 
Tris hydrochloride (pH 7.6), and dialyzed against the same 
buffer. Duplicate samples were then assayed for lipase 
activity and total protein. 

Gel filtration chromatography. The concentrated superna- 
tant from five 1-liter 24-h-old cultures of 90ee was lyophi- 
lized to dryness, dialyzed, and suspended in 5.0 ml of Tris 
buffer (50 mM, pH 7.6). This concentrate, referred to as 
stage 1 enzyme, was applied to a Sephadex G-200 (Phar- 
macia Fine Chemicals, Piscataway, N.J.) gel filtration col- 
umn (90 by 2.5 cm) which had been equilibrated overnight at 
4°C with 50 mM Tris buffer, pH 7.6. Fractions were moni- 
tored for i4 280 by a flowthrough 2138 Uvicord S monitor 
(LKB Instruments, Inc., Rockville, Md.) and recorded by a 
6520-5 Chopper Bar six-channel recorder (LKB Instru- 
ments). A total of 145 fractions of 4.6 ml each were col- 
lected, and every fifth fraction was assayed for lipase activ- 
ity. Those fractions which demonstrated lipase activity were 
pooled and lyophilized to dryness. After dialysis against 50 
mM Tris buffer (pH 7.6), this preparation was referred to as 
stage 2 enzyme. 

PAGE. The lyophilized sample consisting of the pooled 
fraction from the Sephadex G-200 column was reconstituted 
in 2.0 ml of deionized water and dialyzed overnight against 
50 mM Tris (pH 7.6) at 4°C. The sample was then further 
concentrated by lyophilization and reconstituted in 250 \xA of 
deionized water. The sample was applied to analytical 
polyacrylamide gels and analyzed by the Davis (6) procedure 
for polyacrylamide gel electrophoresis (PAGE). 

Electrophoresis was done at 2 mA per gel until the 
tracking dye passed through the stacking gel and at 5 mA 
thereafter until the dye was approximately 1 cm from the 
bottom of the gel. Gels were then removed from the tubes 
and stained for 2 h at room temperature in 0.2% Coomassie 
blue in 5:1:5 (vol/vol/vol) methanol-acetic acid- water. De- 
staining was accomplished in 5% methanol-7.5% acetic acid 
at room temperature. The stained gels were placed in a test 
tube (13 by 100 mm) and scanned at 580 nm on a Beckman 
Du70 spectrophotometer. The unstained gels were cut into 
5-mm sections. Each section was put into a dialysis bag with 
1 ml of Tris buffer (50 mM, pH 7.6), mashed, and dialyzed 
against the same buffer at 4°C for 72 h. After dialysis, the 
contents of each bag were analyzed for lipase in an attempt 
to locate where in the gel the activity resided. 

Effects of pH on lipase activity. Five sets of duplicate 
samples of stage 2 enzyme from strain 90ee were assayed for 
lipase activity on Tween 20 as described above. The pH of 
the 50 mM Tris buffer used in the assay was adjusted with 1 
N NaOH to 7.0, 7.5, 8.0, 8.5, or 9.0. Activity was reported 
as units per microgram of total protein. 

Lecithinase activity of purified enzyme. Stage 2 enzyme 
was used to fill a 2-mm well cut into an egg yolk agar plate. 
The plate was incubated at 37°C for 6 h and inspected for a 
zone of opacity around the well. Phospholipase C (10 p-g^O 
from C. perfringens (Sigma) was used as a positive control. 

Cytotoxicity assay. He La cells were grown to monolayers 
in microtiter wells at 37°C under 5% C0 2 in Eagle minimal 
essential medium (Whittaker-M. A. Byproducts, Walkers- 
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ville, Md.) supplemented with 10% newborn calf serum, 64 
fjLg of penicillin per ml, and 100 |ig of streptomycin per ml. 
Twofold serial dilutions of the stage 2 preparation containing 
30 jig of protein and having a specific activity of 2,127.9 x 
10" 3 U/u,g of total protein were made in Tris buffer (50 mM, 
pH 7.6). A 50-jjlI sample of each dilution was added to the 
appropriate microliter well containing HeLa cells. Purified 
toxin B from Clostridium difficile was used as a positive 
control (7). Supernatant from a nontoxigenic culture of C. 
difficile served as a negative control. The plates were incu- 
bated for 24 h at 37°C under 5% C0 2 and then examined 
microscopically. Cytotoxicity was scored as any rounding or 
actinomorphic change in the cells. 

Animal studies. Five 20-g female Swiss Webster mice (Cox 
Laboratories, Indianapolis, Ind.) were injected intrave- 
nously with 0.1 ml of the stage 2 lipase preparation contain- 
ing 30 M-g of protein and having a specific activity of 2,127.9 
x 10~ 3 U/u,g of total protein. Controls were injected with 0.1 
ml of Tris buffer (50 mM, pH 7.6). The animals were 
observed for 72 h. 

RESULTS 

Activity of P. cepacia lipase on a variety of substrates. Ten 

clinical isolates of P. cepacia from the sputum of CF patients 
were examined for their ability to produce lipase activity on 
a number of different substrates, including egg yolk agar, 
p-nitrophenylphosphorylcholine, and four different Tweens. 
The egg yolk reaction is commonly used to detect the 
activity of lecithinase, which splits lecithin (phosphatidyl- 
choline), liberating phosphorus and choline, usually with the 
deposition of fat (15). Of the 10 isolates tested (48b, 224c, 
710m, K19-2, K56-2, and R5231-2), 6 produced lecithinase. 

We wanted to determine whether the lipase activity of P. 
cepacia was due to phospholipase C. We assayed the 
concentrated culture supernatant from each of the 10 isolates 
and were unable to detect any phospholipase C activity on 
p-nitrophenylphosphorylcholine. The control, phospholi- 
pase C, type 1, from C. perfringens, gave a strong positive 
reaction with an OD^ of 0.250 for a preparation of 0.1- 
u,g/ml concentration. 

The Tween assay permitted us to quantitate the lipase 
activity. Lipase activity was expressed as units of activity 
per microgram of total protein. The activity reported in this 
manner for Tween 20 ranged from 41.6 x 10~ 3 to 640.0 x 



TABLE 1. Lipase activity of 10 clinical isolates of P. cepacia on 
four different tweens 



Strain 



Activity 0 on the following substrate: 



Tween 20 



Tween 40 



Tween 60 



Tween 80 



90ee 

99bb 

155f 

224c 

710m 

K19-2 

K56-2 

K30-6 

R5231-2 



127.3 ± 1.2 
640.0 ± 0.3 
131.2 ± 0.9 

329.7 ± 1.4 
635.0 ± 21.0 

46.6 ± 2.0 

81.7 ± 12.7 
41.6 ± 1.6 

427.8 ± 0.0 
304.7 ± 8.0 



128.2 ± 5.8 

650.4 ± 43.7 

142.5 ± 6.6 
297.1 ± 4.8 
640.0 ± 0.0 

92.6 ± 9.2 
62.3 ± 9.6 

ND* 
420.4 ± 7.0 
308.8 ± 0.2 



117.0 ± 0.7 
473.3 ± 0.0 
124.3 ± 7.7 
291.3 ± 10.0 

360.0 ± 78.0 
86.6 ± 3.2 
64.1 ± 1.2 
60.0 ± 4.6 

337.5 ± 5.5 

174.1 ± 11.2 



103.3 ± 0.9 

413.4 ± 23.0 
95.4 ± 5.7 

211.0 X 25.8 
379.0 ± 59.0 
53.9 ± 12.8 
58.8 ± 3.6 
30.0 ± 0.8 

271.3 ± 7.0 

160.4 ± 30.2 




10 20 
TIME IN HOURS 



30 



° All activities are expressed as 10" 3 units of lipase activity per microgram 
of total protein ± standard error of the mean of duplicate samples. 
b ND. None detected. 



FIG. 1. Effect of growth phase (•) on lipase activity (O) pro- 
duced by P, cepacia 90ee. Cells were grown in Anwar minimal 
defined medium. At 2-h intervals, 10- ml samples were taken from 
the culture and duplicate samples of the concentrated supernatant 
were assayed for lipase on Tween 20 as described in Materials and 
Methods. The mean values were plotted as a function of time. The 
growth of the organism was determined spectrophotometrically at 
00,40, and the lipase assay was read at OD^. 



10~ 3 U/jjtg of protein (Table 1). There was no apparent 
correlation between the activity detected on egg yolk agar 
and that demonstrated on Tween. For example, strain 90ee 
consistently produced the most lipase activity (640.0 x 10~ 3 
U/u,g of protein) against Tween 20 but was negative on the 
egg yolk agar assay, and strain K56-2, the organism which 
produced the least lipase activity (41.6 x 10" * U/u.g of 
protein) against Tween 20, was positive in the egg yolk agar 
assay. 

We also used Tweens 40, 60, and 80 to assay for lipase 
activity produced by all 10 isolates (Table 1). All strains gave 
a measurable reaction on Tween 20. Similar values were 
observed with Tween 40 with the exceptions of strain 710m, 
which showed greater activity against Tween 40, and strain 
K56-2, which showed none at alt. Activity was somewhat 
less on Tween 60 and was least on Tween 80. In view of 
these results, we elected to use Tween 20 as a substrate for 
assay in subsequent experiments. 

Relationship between P. cepacia growth cycle and produc- 
tion of lipase. Because strain 90ee produced relatively large 
amounts of lipase per microgram of protein on Tween 20, we 
elected to use this strain to determine at what point in the 
growth curve maximum production of lipase occurred (Fig. 
1). This strain had a doubling time in minimal medium of 
about 2 h, and the growth curve was biphasic. Lipase 
activity began to appear at the beginning of the log phase (6 
h), and its increase closely paralleled the increase in the P. 
cepacia population until the end of the first log phase (18 h), 
when the growth curve leveled off before entering a second 
phase of growth at 20 h. Lipase activity, however, continued 
to accumulate as the cells passed through the first stationary 
phase and into the second log phase of the curve. Strain 
K19-2 likewise continued to produce lipase when the culture 
was allowed to proceed into the stationary phase (data not 
shown). Although growth experiments were conducted in 
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FIG. 2. Elution profile of concentrated 90ee culture supernatants 
(5 liters/24-h cultures) from Sephadex G-200 gel filtration column. 
The eluate was continuously monitored for protein at 280 nm 

( ). and every fifth tube was assayed for lipase activity on Tween 

20 ( ). 
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millimeters 



FIG. 3. Profile of densitometry scan ( ) and eluted lipase 

activity (• •) from polyacrylamide gels of stage 2 enzyme from 

90ee culture supernatants. Stained gels were scanned at 580 nm. 
Unstained gels were eluted and assayed for lipase activity on Tween 
20. 



Anwar defined medium, similar lipase activity was also 
noted when cultures were grown in tryptose minimal me- 
dium (data not shown). 

Effects of boiling lipase activity. Heating in boiling water 
for 5 min reduced the lipase activity on Tween 20 by 66%. 
The activity could be further reduced by continued boiling. 
Boiling for 10 min resulted in a loss in 71% of lipase activity, 
15 min of boiling destroyed 78% of the activity, and boiling 
for 30 min resulted in a loss of 83% of the activity shown by 
the unheated control. 

Gel filtration and PAGE. Get filtration chromatography of 
concentrated culture supernatants on Sephadex G-200 re- 
sulted in the elution profile shown in Fig. 2. Lipase activity 
was eluted in fractions 60 to 80. This elution volume is 
approximately the same as that of chymotrypsinogen (mo- 
lecular weight, 25,000). This peak of activity does not 
correspond to any major protein peak as measured by 
OD 280 - However, when these fractions were pooled and 
subjected to PAGE, a single band appeared. The 80-mm 
Coomassie blue- stained gels were placed in a test tube (13 by 
100 mm) for scanning at 580 nm. Figure 3 shows that the 
tubes were scanned from 20 to 90 mm. The first 7 mm of the 
scan showed the densely stained stacking gel. A diffusely 
stained area continued approximately 10 mm into the run- 
ning gel. We believe this to be artifactual, as it appeared in 
all the gels of this run, including the blank. The peak at 37 
mm represented a single band which corresponded to a 
single peak of lipase activity eluted from the corresponding 
location in unstained gels. The dense region near the end of 
the scan is the tracking dye front, and the distortion of the 
light beam is due to the shape of the end of the tube. 

Effect of pH on lipase activity. Lipase activity of stage 2 
enzyme on Tween 20 increased as the pH increased in 
increments of 0.5 from 189.9 x 10" 3 U/^g of total protein at 
pH 7.0 to 404.6 x 10~ 3 U/|xg of total protein at pH 9.0 (Table 
2). 

Cytotoxicity and animal studies. There was no detectable 
cytotoxicity to HeLa cells caused by stage 2 preparations of 
this enzyme in the concentrations we examined. There was, 
however, noticable rounding the cells subjected to C. dif- 
ficile toxin B. There were no deaths or morbidity among the 
five mice injected intravenously with stage 2 lipase. 

Lecithinase activity of stage 2 lipase. The lipase which 
hydrolyzes Tween 20 showed no discernable reaction when 



applied as stage 2 enzyme to egg yolk agar. Phosphoiipase C 
(10 u,g/uJ) resulted in a zone of opacity approximately 1 cm 
in diameter. 

DISCUSSION 

Many microorganisms elaborate enzymes which are lipo- 
lytic. Methods for screening for these enzymes include 
techniques which measure a visible, physical change in the 
substrate, such as the egg yolk agar method (8) and the spirit 
blue agar method of Starr and Burkholder (23). However, 
both of these methods involve agar plates and are somewhat 
time consuming and cumbersome. Other methods assay for 
reaction products, such as the alcohol released or the freed ' 
fatty acids. The Tween assay offered a fast, convenient 
technique for assaying for fatty acids. It was described and 
used by Tirunarayanan and Lundbeck (28) to assay for lipase 
produced by staphylococci. We found the procedure useful 
for rapid screening of large numbers of P. cepacia isolates 
for lipase production. 

Macfarlane et al. (15) characterized the nature of the egg 
yolk reaction produced by C. perfringens as the activity of a 
lecithinase. However, egg yolk is a mixture of lipids, phos- 
pholipids, lipoproteins, and other complex components. 
Therefore, the egg yolk reaction may be caused by any of a 
number of enzymes acting on a variety of substrates. We 
showed that the activity produced by these 10 clinical 
isolates on egg yolk agar is apparently uncorrected with that 
produced on any of the Tweens. It seems likely that these 



TABLE 2. Effect of pH on lipase activity of P. cepacia 90ee 



PH 


ur 3 u/ng of 

total protein 0 


7.0 


189.5 ± 14.1 


7.5 


324.0 ± 3.6 


8.0 


361.7 ± 17.7 


8.5 


387.3 ± 9.4 


9.0 


404.7 ± 6.4 



a 10~ 3 Units per microgram of total protein ± standard error of the mean of 
duplicate samples. Assay was done on Tween 20 in 50 mM Tris buffer at 
designated pH. 
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reactions are due to different enzymes. This is supported by 
the fact that purified preparations of the enzyme which 
hydrolyzed Tween 20 gave a negative reaction on egg yolk 
agar. Furthermore, since no phospholipase C was detected, 
it appears that the egg yolk agar reaction described here is 
due to some enzyme other than a lecithinase. 

The Tween assay also provided a choice of substrates. 
Tirunarayanan and Lundbeck (28) reported that the amount 
of measurable activity of staphylococcal lipase varied de- 
pending on which Tween was used as a substrate. Horlein 
and Pilz (9) reported that human serum protein lipase activ- 
ity was twice as great on Tween 80 as on Tween 60. The 
variability of the reactions on the various Tweens may be a 
matter of how well the enzyme fits the synthetic substrate. 
Tweens 20, 40, 60, and 80 are esters of lauric, palmitic, 
stearic, and oleic acids and have 12, 16, 18, and 18 carbons, 
respectively, in their chains. Oleate differs in that it also has 
a double bond between carbons 9 and 10. Tween 80 was least 
hydrolyzed by these organisms. Tween 20 was hydrolyzed 
by all strains. However, some of the strains, 710m for 
instance, were better able to use Tween 40 or Tween 60 than 
Tween 20. This suggests that the lipase which most effec- 
tively hydrolyzes Tween varies from strain to strain. 

The biphasic nature of the growth curve of strain 90ee 
(Fig. 1) is a reproducible phenomenon. We repeated this 
experiment three times and it was always present. Dilution 
plate counts showed the second phase to be due to an 
increase in the numbers of viable organisms. These experi- 
ments were conducted in minimal medium, and it is possible 
that the organisms were exhausting the medium of glucose 
and converting to an alternative carbon source at this point. 
P. cepacia, which is able to use a variety of carbon sources, 
is known to synthesize and accumulate large intracellular 
stores of poly-0-hydroxybutyric acid (17). This could con- 
ceivably be used as an energy source in the absence of 
glucose. 

Lipase activity continued to develop in all the culture 
supernatants when the cells were allowed to enter into the 
stationary phase, indicating that the enzyme is stable under 
culture conditions and not subject to proteolytic digestion by 
any of the proteases produced by the organism (16). Further- 
more, during the course of these experiments, we observed 
little loss of activity during manipulation such as freezing 
and thawing, lyophilization, and dialysis. 

When the enzyme was heated in a boiling-water bath for 5 
min, two-thirds of its activity was tost. Upon continued 
heating, activity continued to be gradually and steadily lost. 
This again indicates the possibility of more than one enzyme. 
An alternative explanation would be more than one species 
of the same enzyme, one form being complexed or aggre- 
gated in such a way that makes it very resistant to denatur- 
ation by heating. Boiling for 30 min resulted in only 83% 
reduction of activity. 

Lipase activity on Tween 20 increased as pH was in- 
creased from 7.0 to 9.0. The greatest increase in activity 
occurred between pH 7.0 and 7.5, after which the increase 
became more gradual (Table 2). We believe the optimum pH 
to be well into the alkaline range, although the constraints of 
the Tween assay prevented us from measuring activity 
above pH 9.0 or below pH 7.0. Above pH 9.0, a dense white 
turbidity forms when CaCl 2 is added to the Tris buffer, 
interfering with the assay. In addition, pH 7.0 is near the 
lower end of the buffering capacity of Tris (pK. 8.2), and the 
reaction may be self-limited by the acid evolved. 

Gel filtration chromatography of concentrated superna- 
tants resulted in three major peaks which absorb at 280 nm 
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(Fig. 2). However, practically all the lipase activity eluted 
from the column was contained in a pool midway between 
the second and third peaks, indicating a molecular weight of 
approximately 25,000. It appeared that the lipase was being 
eluted from the column relatively free of other proteins. To 
test this hypothesis, we pooled the lipase-containing frac- 
tions, concentrated them, and subjected them to PAGE. 
This resulted in a single protein band. When unstained gels 
were cut into sections and eluted, the section corresponding 
to this band contained the majority of the lipase activity 
eluted from the gel (Fig. 3). 

This physiological role of extracellular lipases produced 
by bacteria is probably nutritional. Some may hydrolyze 
exogenous triglycerides to provide free fatty acids for use as 
an energy source. Phospholipase C produced by P. aerugi- 
nosa is likely a phosphate-scavenging mechanism. Its pro- 
duction is suppressed by the addition of inorganic phosphate 
(3). Many lipases are produced constitutively, although their 
production may be influenced by the nutritional and physical 
conditions of the culture (11). The lipase of P. cepacia is 
produced both in defined medium and in tryptose medium. 
The fact that it is produced in the absence of exogenously 
supplied substrate plus the fact that its production correlates 
with the growth curve of the organism suggests that it is 
constitutive. 

Colonization of CF patients by P. cepacia may be asymp- 
tomatic or may result in chronic respiratory disease. How- 
ever, some patients develop fulminant, necrotizing pneumo- 
nia which is progressive and rapidly fatal (10, 25, 27). There 
is often extensive destruction of lung parenchyma (27), 
suggesting that some toxin or enzyme is acting directly on 
pulmonary tissue. Purified lipase from 90ee was not found to 
be cytotoxic for HeLa cells. This finding is in concurrence 
with those of McKevitt and Woods (16), who reported that 
culture supernatants from P. cepacia were not cytotoxic to 
any of the tissue culture cell lines which they examined. In 
addition, we noted no ill effects in mice intravenously 
injected with 30 u,g of the purified lipase. However, all the 
strains examined thus far in this laboratory are clinical 
isolates from CF patients and all of them produce lipase. 
Purification of this lipase has made possible further experi- 
ments which should yield information concerning the possi- 
ble role of this enzyme in human pulmonary disease. 
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occurred in association with probable pneumoconiosis: 
Carasso et al 3 reported a 48-year-old woman with a 
bronchoesophageal fistula due to silicotic mediastinal 
lymphadenopathy, and Frew 4 reported a 51-year-old 
man with a chest roentgenogram suggestive of pneumo- 
coniosis and dysphagia due to a tuberculoma in the 
esophagus. Mediastinal lymph node enlargement due to 
other granulomatous diseases such as sarcoidosis and 
histoplasmosis have been shown to compress the esopha- 
gus. 1 ' 2 

Although this patient had no specific signs or symp- 
toms of tuberculosis, tissue cultures of the cervical lymph 
nodes grew M intracellular e. The increased incidence of 
Mycobacterium tuberculosis in silicotic patients is well 
known. Also atypical mycobacterial infections appear to 
be more frequent in patients with pneumoconioses. 5 * a 
Blacks generally have a lower incidence of clinical atyp- 
ical mycobacteriosis than whites, but our patient s silico- 
sis and diabetes mellitus may have increased his risk to 
infection. 5 His anemia of chronic disorders may be re- 
lated to the mycobacteriosis. 7 

Although this patient was lost to follow up by the 
chest service, it is interesting to speculate what the most 
appropriate course of therapy for him would have been. 
We recommended that he undergo a thoracotomy to 
remove the mediastinal lymph nodes compressing the 
esophagus and perhaps reduce the burden of tubercu- 
lous tissue as well. We also would have administered 
chemotherapy with five to six antituberculosis drugs 
because M intracellular is notoriously resistant to con- 
ventional therapy. 8 Atypical mycobacterioses are even 
more difficult to treat in patients with pneumoconioses. 6 

This is the first reported case, to our knowledge, in 
which silicotic lymphadenopathy complicated by M in- 
tracellulare infection produced dysphagia by extrinsic 
compression of the esophagus. Silicosis should be con- 
sidered among other granulomatous diseases such as 
mediastinal granuloma, tuberculosis, and sarcoidosis in 
the differential diagnosis of dysphagia. 
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A 38-year-old leukemic patient developed pericarditis 
and cardiac tamponade doe to Aspergillus niger one 
month after undergoing bone marrow transplantation. 
She failed to improve even though amphotericin B and 
rifampin therapy had been initiated before infection was 
evident Her unique case illustrates both the unusual 
presentations of invasive aspergillosis and the difficulty 
of diagnosing and treating this increasingly common dis- 
ease 

Invasive aspergillosis is recognized with increased fre- 
quency among immunocompromised patients. 1 " 3 
However, recognition often is delayed by the unusual 
and nonspecific manifestations of this condition. We pre- 
sent the case of a bone marrow transplant recipient in 
whom pericarditis and cardiac tamponade were the first 
clinical indications of invasive aspergillosis. 

Case Report 

The patient was a 38-year-old woman with acute myelo- 
monocybc leukemia who was transferred to the Fred Hut- 
chinson Cancer Research Center ( FHCRC; UPN907 ) in sec- 
ond relapse. Previous chemotherapy had included cytarabine, 
6-thioguanine, and daunomycin. Admission laboratory find- 
ings included pancytopenia with a peripheral neutrophil 
count of 150/cu mm. Chest roentgenogram and ECG were 
normal (Fig 1, left). The patient was placed in laminar 
air flow and was given prophylactic oral antibiotics. She was 
prepared for transplantation with 1 mg/kg/body .weight 
of nitrogen mustard followed by 1,200 rads of total body 
irradiation in six divided doses, as per FHCRC protocol. 4 

During preparation, the patient was given intravenous 
carbenicillin and gentamicin for fever. Intravenous am- 
photericin B, 25 mg/day, and rifampin, 300 mg/day, were 
added when blood cultures grew Candida tropicalis. Two 
weeks after admission, the patient received a bone marrow 
transplant from her HLA-matched sibling, who also was 
the source of daily granulocyte infusions. 

The patient's posttransplantation course was complicated 
by an episode of pulmonary edema which was thought to 
be due to pre -existent anthracycline cardiac toxicity and 
fluid overload. Her respiratory status improved with di- 
uretics, and her chest roentgenogram cleared but for a 
small right middle lobe (RML) infiltrate. She then de- 
veloped toxic enteritis which was treated with intravenously 
administered corticosteroids. 

Three weeks after admission, the patient noted anterior 
chest pain which radiated into her throat and was intensi- 
fied in the supine position. The pain was felt to be due to 
Candida esophagi tis after barium swallow disclosed esopha- 
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Figure 1. Chest roentgenograms taken on admission (1A, left), at the time pericarditis be- 
came evident (IB, center), and shortly before death (1C, right). Note progressive increase 
in RML infiltrate and cardiac silhouette caused by invasive aspergillosis. 



geal ulcerations. The pain worsened over the next two days, 
and the patient developed a rapid and irregular pulse. A 
pericardia] friction rub men was noted, and chest roentgeno- 
gram revealed that the RML infiltrate had increased and 
now was associated with an enlarged cardiac silhouette 
(Fig. 1, right). An ECG showed low voltage and atrial 
fibrillation, and echocardiogram demonstrated a pericardial 
effusion of approximately 50 ml. 

The patient was taken to surgery, where the right side of 
the chest was entered through a parasternal incision. The 
RML was found to be firm and pale, the pericardium was 
covered with a shaggy exudate, and the pericardial sac con- 
tained 50 ml of serosanguinous fluid. A pericardial window 
was created, and the pericardium and RML were biopsied. 

On microscopic examination, the RML tissue was hemor- 
rhagic and infarcted. Branching, septate hyphae were seen 
on the pleural surface; sheets of the same hyphae were 
found adjacent to and invading the pericardium. Cultures 
of the pericardium and pericardial fluid subsequently grew 
Aspergillus niger. 

Amphotericin B was continued to a total dose of 750 mg, 
and the patient's neutrophil count rose to 700/cu mm, in- 
dicating increased graft function. The patient was stable for 
two days until her cardiac silhouette enlarged even more on 
chest roentgenogram, and she developed a 30-mm para- 
doxical pulse (Fig 1, center). That night, the patient re- 
quired endotracheal intubation and mechanical ventilation 
for worsening cardiopulmonary function. Pericardiectomy was 
planned, but she developed massive hemoptysis and died in 
ventricular fibrillation the following day. 

At autopsy, the patient's pericardium, lungs, pleurae, 
heart, kidneys intestines and thyroid gland were found to 
be involved with Aspergillus. The fungus had invaded the 
aorta and the left main and left anterior descending coronary 
arteries, as well as the proximal right pulmonary arterial tree. 

Discussion 

Invasive aspergillosis is second only to candidiasis of 
the fatal mycoses seen in cancer patients. 3 Although it 
occurs most commonly in persons with neoplasms, as- 
pergillosis also has been reported in immunosuppressed 
persons with sarcoidosis and collagen vascular diseases 
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and in individuals undergoing renal, cardiac, and bone 
marrow transplantation. 1 ' 3 Factors predisposing to as- 
pergillosis include granulocytopenia, broad spectrum 
antibiotic therapy, and the administration of cortico- 
steroids. 1 ' 3 All of these factors were present in this 
patient. 

Aspergillus characteristically enters the body through 
the respiratory tract. In the lungs, tissue invasion usu- 
ally is manifested by bronchopneumonia or by a dis- 
tinctive pattern of hemorrhagic infarction. Such infarc- 
tion, which was seen in this patient, occurs secondary 
to vascular invasion by mycelial elements with thrombo- 
sis and occlusion of the pulmonary vessels. The fungus 
then may spread from the lungs by direct invasion, or 
more commonly, by hematologic dissemination. 3 

The organs most often involved in disseminated as- 
pergillosis are the lungs, intestine, brain, kidneys, liver, 
esophagus, and heart, in that order. Pericardial involve- 
ment is unusual, occurring in only three of 93 patients 
in a series from the Memorial Sloan-Kettering Cancer 
Center and four of 98 patients from the National Can- 
cer Institute (NCI). 13 None of the NCI patients had 
signs or symptoms suggestive of pericarditis or peri- 
cardial tamponade. 3 In 1962, Fraumeni and Fear 3 de- 
scribed a lymphoma patient with distended neck veins 
and pulsus paradoxus, but that is the only reported case 
in which Aspergillus caused an obvious pericarditis. 

Even when the diagnosis of aspergillosis is made, 
treatment often is unsuccessful. Therapy includes the 
administration of amphotericin B, flucytosine, and aero- 
solized nystatin, either alone or in combination. 3 * a » T 
Rifampin and amphotericin B also have been used to- 
gether. 8 

According to one recent report, the clinical outcome 
of cancer patients with aspergillosis correlates best not 
with the total dose of amphotericin but with the re- 
covery of circulating neutrophils. 1 ' 3 Outcome also has 
been reported to improve with early diagnosis and 
treatment. 9 However, this patient already was receiving 
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amphotericin B and rifampin when her aspergillosis be- 
came apparent, and she had achieved partial bone mar- 
row engraftment Her case underscores the difficulty 
of diagnosing and treating invasive aspergillosis in im- 
munocompromised hosts as well as the unusual mani- 
festations of this disease. 
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Spontaneous Return of Patency 
in a Completely Occluded Coronary 
Artery* 

Neale D. Smith, MJD., and Henry DeMots, M.D. 

We observed a 56-year-old man in whom an occluded 
right coronary artery was observed to be widely patent 
on a subsequent angiogram 40 months later. This "re- 
gression,*' which occurred without a change in his risk 
factors, shows that manipulation of risk factors can be 
proven to be a cause of regression only in controlled 

Serial coronary arteriography has shown that the ex- 
pected course of coronary atherosclerosis is a steady 
and relentless progression of disease. 1 - 4 The rate of 
progression of an individual lesion is highly unpre- 
dictable but there appears to be a relationship between 
the number and severity of risk factors such as cigarette 
smoking, hypertension, and hyperlipoproteinemia and 
the rate of progression of coronary artery disease. 1 * 5 

•From die Department of Medicine, Division of Cardiology. 
University of Oregon Health Sciences Center and Portland 
Veterans Administration Medical Center, Portland. 
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Regression of atherosclerosis in animals 6 * 7 and in the 
peripheral vessels in man has been shown in response to 
manipulation of the atherogenic stimuli.'* 9 Because it is 
generally presumed that coronary artery disease always 
progresses, or that if regression is possible it occurs only 
after vigorous therapy of atherogenic stimuli, we are 
reporting a patient with a prior inferior myocardial 
infarction in whom angiographic "improvement" of a 
right coronary artery occlusion was demonstrated. The 
improvement occurred without treatment of known risk 
factors for coronary artery disease. 

Case Report 

The patient is a 56-year-old man who presented to another 
hospital with acute chest pain, diaphoresis, and syncope in 
December 1974. The ECG showed evidence of an acute 
inferior myocardial infarction and complete heart block. He 
was treated with intravenous isoproterenol, atropine, and oral 
prednisone. Eight days after myocardial infarction, he had a 
right femoral artery embolus which was uneventfully re- 
moved. 

After discharge from the hospital, he noted persistent 
chest pain and dyspnea on exertion. He was admitted for re- 
evaluation in April 1975. 

He was 177.8 cm (70 inches) tall and weighed 72.3 kg 
(160 pounds). The arterial blood pressure was 115/80 mm 
Hg. The fasting blood sugar level was 90 mg/100 ml. A 
plasma cholesterol determination was not made. 

Coronary arteriography was performed using the Judkins 
femoral percutaneous technique. Cineangiograms were made 
of the right and left coronary arteries in the right anterior 
oblique and left anterior oblique projections. Large film serial 
roentgenograms using a rapid film changer programmed for 
ten exposures in three seconds were made of each coronary 
artery in the lateral, right anterior oblique, and left anterior 
oblique projections. Secobarbital, 100 mg intramuscularly, 
was given prior to the procedure. Nitroglycerin 0.4 mg 
sublingual, was given prior to introduction of the right 
coronary artery catheter. The procedure was accomplished 
without complication; mere was no angina during the proce- 
dure. 

The examination revealed a complete occlusion in the 
midportion of the right coronary artery, complete occlusion of 
the left anterior descending coronary artery, and irregularity 
without significant obstruction in the proximal left drcumflex 
coronary artery (Fig 1). There was complete morphologic 
consistency of all films. The left ventriculogram demonstrated 
inferior and apical akinesis and an ejection fraction of 0.15. 
Coronary bypass surgery was not recommended because of 
the poor ventricular function and because distal coronary 
arteries suitable for bypass grafting were not identified. 

He was treated with progressively larger doses of pro- 
pranolol until the dose of that medication reached 320 mg per 
day. Digoxin, 0.25 mg, was given dairy and a thiazide 
diuretic was given for a brief period. No other drug therapy 
was used. 

When the patient was first evaluated at our hospital in 
April 1978, he continued to complain of severe angina and 
dyspnea on exertion. In the interim, he had continued to 
smoke IK packs of cigarettes per day as he had done for the 
previous 30 years. He had not changed his diet His disability 
was such that he engaged in minimal physical activity. 

He weighed 168 pounds. His arterial blood pressure was 
130/85 mm Hg. He had bibasilar rales, an S3, and pedal 

SPONTANEOUS RETURN OF PATENCY 70S 



Downloaded from chestjournals.org on June 1 1 , 2007 
Copyright © 1979 by American College of Chest Physicians 



Invasive aspergillosis presenting as pericarditis and cardiac tamponade 

JM Luce, RC Ostenson, SC Springmeyer and LD Hudson 
O7esM979;76;703-705 



This information is current as of June 11, 2007 



Undated Information 
& Services 


Undated information and services includina hiah-resolution 

figures, can be found at: 

http://chestjournals.org 


Citations 


This article has been cited by 1 HighWire-hosted articles: 
http://chestjournals.org 


Permissions & Licensing 


Information about reproducing this article in parts (figures, 
tables) or in its entirety can be found online at: 
http://chestjournals.org/misc/reprints.shtml 


Reprints 


Information about ordering reprints can be found online: 
http://chestjournals.org/misc/reprints.shtml 


Email alerting service 


Receive free email alerts when new articles cite this article sign 
up in the box at the top right corner of the online article. 


Images in PowerPoint format Figures that appear in CHEST articles can be downloaded for 

teaching purposes in PowerPoint slide format. See any online 
article figure for directions. 



AMERICAN COLLEGE OF 



CHEST 



® 



Journal of Clinical Microbiology, Dec. 1996, p. 2914-2920 
0095-1137/96/$04.00+0 

Copyright © 1996, American Society for Microbiology 



Vol. 34, No. 12 



Epidemiology of Burkholderia cepacia Infection in Patients with 
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We fingerprinted a collection of 627 Burkholderia cepacia isolates from 255 patients with cystic fibrosis (CF) 
and 43 patients without CF and from the environment, by a PCR-based randomly amplified polymorphic DNA 
(RAPD) method with primers selected for their ability to produce discriminatory polymorphisms. The RAPD 
typing method was found to be reproducible and discriminatory, more sensitive than PCR ribotyping, and able 
to group epidemiologically related B. cepacia strains previously typed by both pulsed-field gel electrophoresis 
and conventional ribotyping. Seven strain types infecting multiple CF patients were found at several different 
CF treatment centers in Canada, the United States, the United Kingdom, France, and Australia, indicating the 
presence of epidemic strain types. Most CF patients were each colonized with a single strain type, and several 
patients harbored the same strain type for 5 or more years. B. cepacia isolates recovered from other clinical 
sources (44 isolates examined) and from the environment (58 isolates examined) possessed RAPD fingerprints 
that were generally distinct from CF-associated strain types (525 isolates examined). RAPD is a versatile 
fingerprinting method for studying the epidemiology of B. cepacia. 



Cystic fibrosis (CF) is the most common potentially fatal 
autosomal recessive disease in North America, afflicting ap- 
proximately 1 in 2,000 live births among Caucasians (5). Al- 
though Pseudomonas aeruginosa is the predominant respira- 
tory pathogen in patients with CF (26), Burkholderia (formerly 
Pseudomonas) cepacia has emerged as a particularly problem- 
atic pulmonary pathogen in these patients. The organism is 
highly virulent in certain patients with CF (8, 30). It is intrin- 
sically resistant to a wide range of antimicrobial agents (22), 
and there is considerable evidence that B. cepacia, unlike 
P. aeruginosa, can spread from one CF patient to another both 
^within and outside the hospital (2, 7, 9, 13, 15). However, 
investigations finding no evidence of patient-to-patient trans- 
mission (27) or documenting only the transmission of one 
epidemic clone (29) suggest that the transmissibility of B. ce- 
pacia may vary depending on a number of factors including 
strain, treatment center, and CF patient population. It has 
become critically important to determine the risk factors for 
patient-to-patient spread of B. cepacia and to identify strains 
that are prevalent and pose the greatest risk of infection at CF 
treatment centers. 

Several techniques have been employed for typing B. cepa- 
cia. Phenotypic methods such as serology, biochemical profile, 
or pigment production have been widely used (23) but are 
subject to instability because the phenotype of B. cepacia CF 
isolates may vary markedly (12). Multilocus enzyme electro- 
phoresis, a phenotypic method, has also been applied to B. ce- 
pacia (9); multilocus enzyme electrophoresis demonstrated 
that CF isolates are clustered clonally and are generally distinct 
from nosocomial and environmental isolates; however, the 
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number of strains examined from non-CF sources was small. 
Genetic typing methods, such as ribotyping (28), have been 
shown to provide good specificity and sensitivity for epidemi- 
ological study of B. cepacia (23). Ribotyping analysis has been 
used to demonstrate patient-to-patient transmission (7, 13, 25), 
clustering of B. cepacia types at treatment centers (15), and 
transatlantic spread of one transmissible lineage (9, 29). Typ- 
ing by pulsed-field gel electrophoresis (PFGE) has also dem- 
onstrated the spread of certain strains among CF patients (7, 
25, 29); however, Steinbach et al. (27) reported no PFGE 
typing evidence for person-to-person transmission of B. cepa- 
cia at one CF treatment center. Three PCR-based methods for 
typing B. cepacia have also been reported: PCR ribotyping 
(11), randomly amplified polymorphic DNA (AP-PCR or 
RAPD) (2), and enterobacterial repetitive intergenic consen- 
sus sequence PCR (17). 

Over the last 10 years, our laboratory has established a large 
collection of B. cepacia isolates from pediatric and adult CF 
treatment centers in Vancouver, British Columbia, Canada. 
This collection has recently been expanded to include isolates 
from other CF centers in Canada, the United States, the 
United Kingdom, France, and Australia, as well as many iso- 
lates from other clinical sources and from the environment. 
We sought to type this collection of isolates to establish which 
(if any) strains of B. cepacia are prevalent in patients with CF 
at various treatment centers and to identify strains that might 
be transmitted from patient to patient. Because of the large 
numbers of isolates involved, a PCR-based assay was utilized 
to enable high sample throughput (10, 18). We developed a 
RAPD typing method, which, unlike that reported previously 
(2), utilized several different arbitrary primers screened and 
selected for their ability to produce stable and discriminatory 
polymorphisms. The same RAPD method has been success- 
fully applied to differentiate a large collection of P. aeruginosa 
isolates from CF patients (18). The RAPD typing results of 627 
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FIG. 1. (A) The polymorphisms amplified by eight RAPD primers from B. cepacia ATCC 25416 DNA prepared on two separate occasions (a and b) from the same 
frozen culture stock. Primer numbers are indicated above each lane. (B) The effect of template DNA concentration on the RAPD fingerprint profile. The amount of 
DNA (nanograms) added to each reaction mixture is shown above each lane; DNA extracted from B. cepacia FCOOOt (RAPD type 4) was used and amplified with 
primer 208 under the conditions described in Materials and Methods. Molecular size markers were run in lane M, and their size (in kilobases) is indicated. 



B. cepacia isolates from patients at several CF treatment cen- 
ters and from various other clinical and environmental sources 
form the basis of this report. 

MATERIALS AND METHODS 

Collection of B. cepacia isolates and microbiological methods. Isolates of 
B. cepacia were received from CF clinics and clinical and research laboratories 
across Canada and from the United States and the United Kingdom. A total of 
627 isolates were examined and included 525 isolates recovered from 255 pa- 
tients with CF, 44 isolates recovered from 43 patients without CF, and 58 isolates 
recovered from the environment. Canadian contributors were as follows: P. Zu- 
berbuhler and N. Brown (University of Alberta Hospitals, Edmonton, Alberta), 
E. Sheperd (Janeway Child Health Center, St. John's, Newfoundland), M. Ruel 
and L. Cote (University of Laval Hospital Center, Sainte Foy, Quebec), L. Wil- 
cox (McMaster University Medical Centre, Hamilton, Ontario), A. Matlow 
(Hospital for Sick Children, Toronto, Ontario), E. Tullis (Wellesley Hospital, 
Toronto, Ontario), J. Hillsdon-Smith (Laurentian Hospital, Sudbury, Ontario), 

D. Hughes (Izaak Walton Killam Children's Hospital, Halifax, Nova Scotia), 
N. Cimolai (British Columbia's Children's Hospital, Vancouver, British Columbia), 
A. Clarke (St. Paul's Hospital, Vancouver, British Columbia), M. Li (Victoria 
General Hospital, Victoria, British Columbia), and W. Johnson (Laboratory 
Center for Disease Control, Ottawa, Ontario). U.S. contributors were as follows: 
J. Burns (Children's Hospital and Medical Center, Seattle, Wash.), T. Stull 
(Medical College of Philadelphia, Philadelphia, Pa.), M. Roy (Genentech, Inc., 
San Francisco, Calif.), and P. Ferrieri (University of Minnesota, Minneapolis). A 
collection of isolates from a variety of different sources, including CF patents in 
the United Kingdom, was provided by J. Govan (University Medical School, 
Edinburgh, Scotland, United Kingdom). Isolates from France were provided by 

E. Bingen (Hdpital Robert Debre\ Paris, France), and isolates from Australia 
were provided by P. Taylor (Prince of Wales Hospital, Randwick, New South 
Wales, Australia). 

Culture and confirmation of identification of isolates were carried out as 
described previously (3). After confirmation of species, epidemiological (if 
known) and biochemical data were entered into a computer database. All iso- 
lates were assigned a code and, after DNA extraction, were assigned a separate 
arbitrary number (with the prefix "B") to allow for blinding and unbiased inter- 
pretation of results. The repository code for one isolate representative of each 
RAPD type is shown in Tables 1, 2, and 3. 

RAPD typing of B. cepacia. Genomic DNA was isolated from B. cepacia by 
mechanical disruption with glass beads exactly as described for P. aeruginosa 
(18). One hundred random 10-base RAPD primers were screened for their 
ability to amplify polymorphisms from B. cepacia ATCC 25416 DNA with the 
PCR conditions described previously (1, 18). The eight primers able to amplify 
polymorphisms from P. aeruginosa (18) were also found to produce fingerprint- 
ing profiles from B, cepacia (see Fig. 1A); their sequences are as follows (5' to 
3'): 208, ACGGCCGACC; 228, GCTGGGCCGA; 241, GCCCG AGCGG ; 270, 
TGCGCGCGGG; 272, AGCGGGCCAA; 275, CCGGGCAAGC; 277, AGG 
AAGGTGC; and 287, CGAACGGCGG. Primary typing of all the B. cepacia 
isolates described in this study was performed with primer 270, and confirmation 
of the strain types established with this primer was provided with primers 208 and 
272. RAPD fingerprint profiles were compared visually and with the aid of 
computer analysis (GelManager for Windows; Biosystematica, Prague, Czech 
Republic) (18). Similarity coefficients were calculated across the entire absor- 



bance profile of each fingerprint by a Pearson product moment coefficient 
(GelManager for Windows). 

PCR ribotyping. The PCR primers and conditions described by Kostman et al. 
(11) were used to amplify the polymorphisms present in the 16S-23S spacer 
regions of the rRNA operon of B. cepacia. DNA polymorphisms were then 
visualized after separation of fragments on 2% agarose gels as described previ- 
ously (24). Comparison of the PCR ribotyping polymorphisms was made by eye. 

RESULTS 

Identification of primers for RAPD analysis. The polymor- 
phisms amplified by the eight functional RAPD primers from 
DNA extracted from two subcultures of B. cepacia ATCC 
25416 made from the same freezer vial on two separate occa- 
sions are shown in Fig. 1A. Each primer amplified a DNA 
fingerprint ranging from 5 to 20 bands, over a size range of 100 
bp to 5 kb, which was reproducible for the two independent 
preparations of DNA. Two conditions were found to affect the 
reproducibility of the RAPD fingerprint: template DNA con- 
centration and primer concentration. The effect of the tem- 
plate DNA concentration on fingerprint profile is shown in Fig. 
IB. The RAPD polymorphisms remained stable with 10 to 100 
ng of template DNA; if less than 10 ng of B. cepacia DNA was 
present in the PCR, no or partial fingerprints were obtained, 
and with greater than 100 ng of DNA, there was loss of band- 
ing (Fig. IB). RAPD fingerprints were also stable when be- 
tween 10 and 160 pmol of primer was added to reaction mix- 
tures containing 40 ng of template DNA (data not shown). 
Reaction mixtures containing 40 ng of template DNA and 40 
pmol of RAPD primer were found to be optimal for amplifi- 
cation of reproducible fingerprints from B. cepacia and were 
applied throughout the study. Failure to generate a reproduc- 
ible fingerprint from a sample of DNA was rare; such problems 
were corrected by preparation of a fresh DNA stock, and 
reproducible fingerprints were generated for all 627 isolates 
examined in the study. Although all eight primers were found 
to discriminate among unrelated B. cepacia strains (data not 
shown), primer 270 (the first primer to be evaluated) was used 
to type all the isolates examined in this study (see below); 
Primers 208 and 272 were used to confirm RAPD types found 
with primer 270; further evaluation of the remaining five prim- 
ers was not carried out. 

Identification of genetically related B. cepacia strains. All 
B. cepacia isolates were typed without prior knowledge of their 
source by RAPD with primer 270. Nine groups of related 
RAPD fingerprints and five unique fingerprints were found in 
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FIG. 2. RAPD fingerprint and PCR ribotype of typed B. cepacia isolates. (A) 
The RAPD fingerprints, amplified with primer 270, of nine types of B. cepacia. 
(B) The corresponding PCR-ribotype amplification patterns. (C) The HaelU 
digestion products of the PCR-ribotype polymorphisms. Isolate numbers are 
indicated above each lane, and the designated RAPD group number is above 
each pair of isolates in panel A. Molecular size markers were run in lane M, and 
their size in kilobases is indicated. 



the first 60 isolates examined. The polymorphisms generated 
with primer 270 of these nine RAPD types are shown in Fig. 
2A. The fingerprints generated by primer 270 enabled good pri- 
mary discrimination of B. cepacia strain types. Within RAPD 
types, the amplified polymorphisms were conserved and the 
similarity coefficients of the banding profile were above 0.7 as 
determined by computer-assisted analysts. Between RAPD 
types, differences in the number of amplified markers, their mo- 
lecular size, and intensity were considerable and enabled good 
interstrain discrimination. 

The RAPD typing criteria applied to the first 60 isolates also 
enabled epidemiologically related strains to be grouped, in- 
cluding sequential isolates from individual CF patients and 
isolates of published epidemiologic and ribotype similarity (see 
below and Table 1). For example, RAPD types 3, 5, 6, and 7 
were representative of sequential isolates each recovered from 
individual CF patients attending the pediatric clinic in Van- 
couver (type 6 was later recovered from additional CF patients 
[see below]). Types 8 and 10 were each representative of se- 
quential isolates recovered from individual CF patents in 
Seattle, Wash. (12), and Philadelphia, Pa. (14); the published 
ribotype of each strain type was also distinct (12, 14). Type 1, 
2, and 4 strains each infected multiple CF patients but were 
center related in epidemiology (see below). Isolates belonging 
to each epidemiologically related cluster possessed RAPD fin- 
gerprints with similarity coefficients above 0.7 and differed by 
no more than three bands; these criteria formed the experi- 



mental basis upon which all further isolates were typed by 
RAPD. 

To validate the strain types assigned by RAPD against an- 
other PCR typing method, the first 60 isolates were also eval- 
uated by PCR-mediated ribotyping (11). The polymorphisms 
generated before and after restriction digestion with the en- 
donuclease Hae\\\ are shown in Fig. 2B and C, respectively. 
Within each B. cepacia strain type designated by RAPD, iso- 
lates also possessed a conserved PCR-ribotype fingerprint (Fig. 
2B); however, PCR ribotyping did not easily distinguish among 
some of the RAPD-assigned types (e.g., groups 1, 4, and 6). 
The restriction fragment length polymorphisms obtained after 
digestion of the ribotype products with the enzyme Hae\\\ are 
shown in Fig. 2C. The endonuclease -digested PCR-ribotype 
profiles of members of an RAPD group were also identical. 
The Haelll restriction fragment length polymorphism of the 
amplified PCR-ribotype polymorphisms enabled 8 of the 10 
groups to be differentiated, but the polymorphisms generated 
for groups 4 and 6 remained similar in profile and indistin- 
guishable. All further B. cepacia isolates described in this study 
were typed by RAPD fingerprinting. 

RAPD analysis of B. cepacia isolates recovered from patients 
with CF. The results of the RAPD analysis of B. cepacia iso- 
lates recovered from CF patients are summarized in Table 1. A 
total of 525 CF isolates were analyzed, and 20 fingerprint types 
in which two or more isolates shared the same pattern were 
identified; 58 isolates possessed fingerprint profiles which were 
unique. Ten isolate types, 1, 2, 4, 6, 13, 15, 17, 23, 35, and 40, 
were recovered from two or more CF patients (Table 1). Type 
15 B. cepacia was recovered from two pediatric patients in 
Vancouver (Table 1); however, the strain was subsequently not 
cultured from one of the patients, who became stably colonized 
with type 6 B. cepacia. Type 23 B. cepacia isolates were recov- 
ered from two CF patients in Oklahoma, and the type 35 
isolates were recovered from two CF patents in Edinburgh; no 
other strains of each type were present in our collection to 
support their transmissibility. 

Of the remaining B. cepacia types infecting multiple pa- 
tients, each was recovered from three or more patients. Type 1 
B. cepacia was the predominant strain type in the Vancouver 
pediatric CF clinic and also infected CF patients in the United 
States and France. Type 2 isolates were recovered from mul- 
tiple CF patients in the United Kingdom and across Canada; 
this RAPD type included strains of published ribotype and 
PFGE fingerprint which belong to the epidemic B. cepacia 
lineage (7, 15, 29). Type 4 B. cepacia was the predominant 
strain among adult CF patients in Vancouver and also infected 
patients in Quebec and Nova Scotia. B. cepacia type 6 was 
recovered from five CF patients in Vancouver. Type 17 organ- 
isms were recovered from a CF patient in Ontario and in- 
cluded strains representative of the predominant B. cepacia 
ribotype infecting multiple patients at a CF treatment center in 
Cleveland (15). Finally, type 40 B. cepacia was an epidemic 
strain type which was recovered from 17 CF patients in an 
Australian treatment center. 

RAPD group 2 was the most common CF strain type in our 
collection (267 of 525 CF isolates tested). RAPD analysis dem- 
onstrated that this strain type was widespread in Canadian CF 
clinics, infecting more than 100 CF patients residing in Nova 
Scotia, Newfoundland, Ontario, Alberta, and British Columbia 
(Table 1). The polymorphisms amplified by primer 270 from 38 
members of this typing group are shown in Fig. 3. Minor 
variations in fingerprint patterns within RAPD type are illus- 
trated in Fig. 3. The similarity coefficients of the polymor- 
phisms were greater than 0.8, designating them as a single 
RAPD type. However, the isolates from Newfoundland were 
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TABLE 1. Summary of RAPD analysis of B. cepacia isolates 
recovered from patients with CF 
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a Abbreviations: pediatric, pediatric clinic; BC, British Columbia; adult, adult 
clinic; FR, France; USA, United States; UK, United Kingdom; AL, Alberta; 
IWK, Izaak Walton Killam Children's Hospital; NS, Nova Scotia; NF, New- 
foundland; ON, Ontario; CH of E, Ottawa; HSC, Hospital for Sick Children; 
QUE, Quebec; AUS, Australia. 

h Repository code of a representative isolate for the RAPD type. 

c Also a clinical isolate type (see Table 2). 

d Also an environmental isolate type (see Table 3). 



consistently different from the rest, having one extra band of 
approximately 0.7 kb (Fig. 3). Isolate B491 from the Toronto 
center was the only other member of B. cepacia type 2 to have 
this band. There was no difference in the PCR-ribotype poly- 
morphisms of these isolates (Fig. 2B and C). 

Epidemiology of B, cepacia colonization in Vancouver. A 
total of 58 CF patients attending clinics in Vancouver were 
colonized with B, cepacia. The pediatric and adult treatment 
centers were on the same hospital site separated by about 
200 m until September 1993, at which time the adult CF clinic 
was moved to another hospital. Although the clinics were in 
proximity, the patients were cared for by different staff, there 
was little interaction between the clinics, and the patients were 
hospitalized in separate facilities. The prevalent B. cepacia 
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FIG. 3. The polymorphisms amplified by primer 270 from members of B. ce- 
pacia RAPD type 2. Isolates recovered from individual patients are shown; strain 
numbers and their geographic source are indicated above each lane. Isolates 
from Toronto were recovered from patients attending the Wellesley Hospital; 
Ontario 1 isolates were from the McMaster University Medical Center, and 
Ontario 2 isolates were from the Laurentian Hospital. Molecular size markers 
were run in lane M, and their size in kilobases is indicated. 



strain types at each CF clinic were different (Fig. 4). B. cepacia 
type 1 predominated among patients attending the pediatric 
clinic (9 of 30 patients); two adult patients were colonized with 
this strain type. B. cepacia type 4 was the predominant strain 
among patients attending the adult CF clinic (11 of 18 pa- 
tients). Two CF patients who were colonized as children with 
types 5 and 7 subsequently lost these strains and became col- 
onized with type 4 after attending the adult clinic. The epide- 
miology of RAPD type 2, the epidemic B. cepacia strain (7, 29), 
in Vancouver was investigated. Although this type was preva- 
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FIG. 4. B. cepacia RAPD types recovered from CF patients in Vancouver. 
The number of colonized patients at each treatment center is shown on the y axis, 
and the RAPD type is indicated in the key. 
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TABLE 2. RAPD analysis of B. cepacia isolates 
from patients without CP 



RAPD 


No. of 


No. of 


Source of 


Geographic 


Reposi- 


type 


isolates 


patients 


infection 


location 


toiy no* 


or 


2 


2 


ICU outbreak 


UK 


CEP237 


f\AC 

U4 


c 

J 


c 

J 


[Non-L.r 




Ltr 1DU 




3 


3 


Non-CF 


UK 


CEP211 




3 


3 


Blood/ICU 


Children's Hospital, 
BC 


CEP048 


09 


2 


1 


CGD 


Sacramento, Calif. 


CEP108 


29 


3 


3 


Non-CF 


UK 


CEP231 


32 


4 


4 


Non-CF 


CDC 


CEP191 


36 


2 


2 


Non-CF 


CDC 


CEP192 


38 


3 


3 


Non-CF 


UK 


CEP209 


39* 


1 


1 


Non-CF 


USA 


CEP232 


Unique 


16 


16 


Non-CF 
CGD 


Various 




Total 


44 


43 









a Abbreviations: ICU, intensive care unit; UK, United Kingdom; CDC, Cen- 
ters for Disease Control and Prevention; BC, British Columbia; CGD, chronic 
granulomatous disease. USA, United States. 

b Strain number of representative isolate for RAPD type. 

c Also a CF isolate type (see Table 2). 

d Non-CF, culture site not known. 

' Also an environmental isolate type (see Table 3). 



lent at other centers (Table 1), the number of patients colo- 
nized with this strain type attending the Vancouver treatment 
centers was low (8 of 58), and strains of other RAPD geno- 
types predominated (Fig. 4). 

RAPD analysis of B. cepacia isolates from other clinical 
sources or from the environment. The fingerprinting results of 
clinical and environmental B. cepacia isolates are summarized 
in Tables 2 and 3, respectively. Of 44 clinical isolates, 28 fell 
into one of eight RAPD types and 16 were unique. B. cepacia 
types 1 and 4, major CF RAPD types, were also recovered 
from patients without CF (Table 2). Two type 1 strains were 
isolated from patients in an intensive care unit in the United 
Kingdom. Type 4 was also found in collections of non-CF 
isolates from the Centers for Disease Control and Prevention, 
Atlanta, Ga., and from the United Kingdom. Three isolates 
from separate patients without CF attending British Colum- 
bia's Children's Hospital were RAPD type 4 (Table 2); B. ce- 
pacia of this genotype was present among CF patients attend- 
ing the pediatric clinic in the hospital and was also the 
predominant strain type in the adult CF clinic (Table 1 and Fig. 
4). One clinical isolate was type 39, the same RAPD group as 
B. cepacia ATCC 25416 isolated from rotten onions (Table 3). 

Of the 58 environmental isolates analyzed by RAPD, each of 
37 fell into 1 of 15 RAPD strain types and 21 possessed unique 
fingerprints (Table 3). Several of the environmental isolates 
provided by different investigators were the same RAPD type 
and were obtained from the American Type Culture Collec- 
tion. For example, RAPD types 30 and 39 were of replicate 
isolates of two American Type Culture Collection strains, 
17616 and 25416, respectively, deposited in our collection by 
separate investigators, and matched the fingerprint of the re- 
spective type strains obtained from the American Type Culture 
Collection for our repository. Since typing was performed with- 
out knowledge of isolate source, matching of these identical 
type strains confirmed the specificity of the RAPD typing sys- 
tem. B. cepacia isolates recovered from hospital environments 
in Cardiff and Manchester, RAPD types 2 and 14, respectively 
(Table 3), were also isolated from CF patients attending these 
centers (Table 1). One other hospital environmental isolate 



from Israel, type 24, matched the fingerprint of three B. cepa- 
cia isolates recovered from a CF patient in Oklahoma. , 

DISCUSSION 

The RAPD technique we have developed enabled large 
numbers of B. cepacia isolates from our strain repository to be 
compared at the genetic level. RAPD was able to distinguish 
B. cepacia isolates more effectively than PCR ribotyping, con- 
sistently type serial isolates from individual CF patients, group 
isolates that were related epidemiological ly, and appropriately 
distinguish isolates with known ribotype and PFGE genomic 
fingerprints without prior knowledge of epidemiology. Our 
study also provides further evidence that CF treatment centers 
may harbor one or more predominant strains of B. cepacia and 
that these CF isolates are, in general, genetically distinct from 
other clinical isolates and environmental strains. 

RAPD fingerprinting was able to produce a discriminatory 
and reproducible genetic fingerprint from all B. cepacia iso- 
lates tested. We used this method to examine P. aeruginosa 
isolates recovered from CF patients and found it to be as 
sensitive as PFGE for typing this species once discriminatory 
primers were identified (18). For P. aeruginosa (18) and B. ce- 
pacia, the primer-to- template ratio was optimized; however, 
the PCR cycle conditions described by Akopyanz et al. (1) 
were unaltered. These data suggest that the original parame- 
ters described by Akopyanz et al. (1) for typing Helicobacter 
pylori are a versatile RAPD thermal cycle that may be applied 
to many bacterial species. Indeed, reproducible and discrimi- 
natory polymorphisms were amplified from the following bac- 
terial species that were tested as part of our collection because 
they had been originally misidentified as B. cepacia (3): Alcali- 
genes faecalis, Alcaligenes xylosoxidans, Burkholderia gladioli, 
Comamonas acidovorans, Enterobacter agglomerans, and Steno- 
trophomonas (Xanthomonas) maltophilia (17a). Successful typ- 
ing of B. cepacia, P. aeruginosa (10, 18), and H. pylori (1) with 
the same basic RAPD technique illustrates that such tech- 
niques are transferable from one laboratory to another and 
that reports of unreliable RAPD typing schemes (9) are mis- 
leading. 



TABLE 3. RAPD analysis of B. cepacia isolates from 
environmental sources" 



RAPD 


No. of 


Source 


Geographic 


Repository no. 


type 


isolates 


location 


(reference/" 


02 c 


1 


Hospital 


Cardiff, UK 


CEP137 


11 


3 


Soil 


Edinburgh, UK 


CEP159 


14 c 


1 


Hospital 


Manchester, UK 


CEP181 


18 


3 


Soil 


Edinburgh, UK 


CEP240 


21 


3 


Onion 


USA 


CEP072 


22 


3 


Onion 


USA 


CEP073 


24 c 


1 


Hospital 


Israel 


CEP195 


25 


3 


Onion 


USA 


CEP076 


26 


2 


Hospital 


Cardiff, UK 


CEP181 


28 


3 


Soil 


UK 


CEP155 


30 


2 


Soil 


ATCC 17616 


CEP144 


31 


2 


Soil 


ATCC 35130 


CEP084 


34 


2 


Plant/pond 


Edinburgh, UK 


CEP193 (4) 


37 


2 


Hospital 


Manchester, UK 


CEP171 


39* 


6 


Onion 


ATCC 25416 


CEP031 


Unique 


21 


Various 


Various 




Total 


58 









a Abbreviations: UK, United Kingdom; USA, United States. 
b Strain number of representative isolate. 
c Also a CF RAPD type (see Table 1). 
d Also a clinical RAPD type (see Table 2). 
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RAPD analysis correctly clustered isolates of known ribo- 
type and PFGE profile (7, 15), although direct comparison 
with these methods was not performed. Comparison of RAPD 
fingerprints with PCR-ribotyping profiles demonstrated, as 
others have described (17), that PCR ribotyping is not as dis- 
criminatory as RAPD for epidemiological analysis of B. cepa- 
cia. Kostman et al. (11) suggested that restriction digestion of 
the amplified products of PCR ribotyping may improve the 
discriminatory power of PCR ribotyping. Digestion of PCR- 
ribotyping products with the enzyme Haelll did not signifi- 
cantly improve the discrimination of the B. cepacia isolates 
examined in this study. RAPD has been shown to be as dis- 
criminatory as PFGE (2, 17) and enterobacterial repetitive 
intergenic consensus sequence PCR (17) for distinguishing 
B. cepacia; however, day-to-day variation in the fingerprints of 
the RAPD method evaluated (2) was found (17). Such varia- 
tion was not apparent with our method, and the good repro- 
ducibility was also found with RAPD analysis of P. aeruginosa 
(18). The large amount of template DNA required for RAPD 
(a minimum of 10 ng [Fig. IB]) may also be advantageous for 
a PCR-based assay, since contaminating DNA would not pro- 
duce conflicting polymorphisms unless it represented more 
than 25% of the sample (40 ng was used in each PCR). In 
contrast, because of the specific nature of ribotyping primers 
(11), PCR ribotyping was able to amplify polymorphisms from 
as little as 10 pg of DNA (data not shown), indicating that trace 
amounts of contaminating DNA may interfere with the band- 
ing patterns produced by this PCR method. 

Our study provides further evidence that CF centers may 
harbor one or more predominant B. cepacia strains. Steinbach 
et al. (27) found no evidence of strain transmission among 17 
CF patients at a single treatment center and stated that pre- 
vious reports (7, 15) had incorrectly suggested that CF centers 
generally harbor one or more transmissible B. cepacia strains. 
This statement was contested by other investigators (6, 16, 20). 
The broad study of CF centers presented in this study, in which 
several patients at each center were found to harbor the same 
strain type, is in agreement with previous reports (7, 15, 25) 
indicating the presence of center-specific predominant B. ce- 
pacia strains. RAPD type 2 was the most prevalent CF strain 
type found (Table 2). The transatlantic spread of this epidemic 
clone from the United Kingdom where it was originally de- 
scribed (7), to centers in Ontario, Canada, has been docu- 
mented by others (9, 29), and a possible route of transmission 
via patient contact at summer camps has been reported (21). 
We have also shown that this type is widespread among CF 
patients attending treatment centers outside Ontario, suggest- 
ing that this strain type, as others have stated (29), is a hyper- 
transmissible B. cepacia lineage. However, our study of B. ce- 
pacia isolates from Vancouver treatment centers illustrated 
that, despite the presence of patients colonized with the epi- 
demic strain (RAPD type 2), other strain types clustered among 
the patents studied (Fig. 4). These data suggest that the inabil- 
ity of Steinbach et al. (27) to detect evidence of patient-to- 
patient spread may have been due to the nature of their patient 
population, which was largely referred from other centers. 

The apparent spread of type 6 B. cepacia from one CF pa- 
tient to other CF patients attending the Vancouver pediatric 
clinic (Table 1; Fig. 4) further demonstrates the potential risk 
of patient-to-patient transmission of this organism. One pa- 
tient alone was chronically colonized with this type 6 strain for 
6 years, suggesting low transmissibility by the criteria stated by 
Steinbach et al. (27). However, in year 7, type 6 was recovered 
from three other patients, suggesting that this strain type might 
have spread from one patient to another. Prolonged social 
contact is an identified risk factor for transmission of B. cepacia 



(7) and may have accounted for the spread of type 6 B. cepacia 
in the pediatric clinic. Furthermore, in Vancouver, each prev- 
alent B. cepacia strain type was center specific (Fig. 4), despite 
the proximity of the pediatric and adult clinics. This suggests 
that transmission of B. cepacia may have occurred as a result of 
interaction among patients attending each clinic, although a 
common source at each center cannot be ruled out. 

After blinded typing of the isolates described in this study, 
the majority of strains were grouped as clonal by RAPD. Five 
hundred thirty-two isolates were found to belong to 37 distinct 
fingerprint types, and 95 isolates were unique in their RAPD 
profile (Tables 1, 2, and 3). CF-associated strain types were 
generally different from those obtained from other clinical 
sources and from the environment, and only 6 of the 132 strain 
types found (types 1, 2, 4, 14, 24, and 39) were recovered from 
more than one of these sources. The difference between B. 
cepacia strains recovered from CF patents and those recovered 
from the environment is in agreement with previous reports (4, 
9). We have preliminary data which suggest that B. cepacia 
strains that are transmissible and infect multiple CF patients 
(types 1, 2, 4, 6, 13, 17, and 40) harbor a region of the genome, 
identified by RAPD with primer 272, which is generally absent 
from isolates colonizing single CF patients and those recovered 
from other sources (reference 19 and unpublished data). 

In conclusion, the RAPD method reported herein is a robust 
fingerprinting technique which is able to amplify discrimina- 
tory polymorphisms from the genome of B. cepacia. The PCR- 
based technique was suitably versatile to enable a large collec- 
tion of B. cepacia isolates to be screened without prior 
knowledge of epidemiology. The method has enabled us to 
establish the prevalence of various B. cepacia strain types col- 
onizing CF patients treated in Vancouver and monitor the 
spread of problematic transmissible strain types at other treat- 
ment centers. We have also identified two further epidemic 
B. cepacia strains (types 1 and 4) which infect multiple patients 
in North America and Europe. These data suggest that other 
B. cepacia lineages apart from the epidemic strain type (29) 
may infect the multiple patients within the global CF commu- 
nity. This method should permit important epidemiological 
questions to be answered regarding the risk of patient-to-pa- 
tient spread of B. cepacia in different environments. 
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Burkholderia cepacia is a problematic pathogen that may spread among patients with cystic fibrosis (CF). 
One highly infectious CF strain that causes epidemics in both the United Kingdom and eastern Canada has 
been shown to possess both the cable pilin subunit gene (cblA) and a unique combination of insertion 
sequences. However, no genetic markers linking this strain type with other types epidemic at various centers 
have been identified. Using a randomly amplified polymorphic DNA (RAPD) typing scheme, we identified an 
apparently conserved 1.4-kb fragment in the DNA fingerprint of epidemic B. cepacia strains. Conservation of 
the DNA marker among epidemic strains was demonstrated by Southern hybridization, and its prevalence was 
assessed in a collection of chromosomal DNAs extracted from 627 isolates representative of 132 RAPD-defined 
B. cepacia strain types. The marker was specifically associated with seven epidemic CF strains, was absent 
among nonepidemic strains infecting individual patients with CF, and rare among strains recovered from the 
natural environment Only one of the seven epidemic CF strain types possessed DNA homologous to cblA. The 
RAPD marker was designated the "B. cepacia epidemic strain marker" (BCESM). Sequence analysis of 
chromosomal DNA corresponding to the 1.4-kb RAPD marker revealed the presence of a putative open reading 
frame (ORF) with significant homology to several negative transcriptional regulators; the ORF was designated 
the "epidemic strain marker regulator," or esmR. The BCESM DNA is the first genetic marker that has been 
identified to be specifically associated with and conserved among several epidemic B. cepacia strains which 
infect multiple patients with CF. 



Despite its evolving role in pulmonary infection in patients 
with cystic fibrosis (CF), very little is known about the patho- 
genesis of Burkholderia cepacia. Colonization of CF patients 
with B. cepacia has serious clinical implications since the or- 
ganism is highly virulent in certain patients (30) and is resistant 
to multiple antibiotics (4) and because patient-to-patient 
spread of the bacterium, first documented in 1990 (17), may 
occur. Evidence of the spread of B. cepacia strains among 
patients with CF and clustering of strain types at treatment 
centers has now been reported by a number of investigators 
(11, 18, 20); however, the factors which facilitate patient-to- 
patient transmission of B. cepacia remain poorly understood. 
Transmission of B. cepacia among CF patients may be depen- 
dent on a number of risk factors including strain type (29, 31), 
patient behavior and population (11), use of contaminated 
therapeutic devices (15), and CF treatment center practices 
(14). 

Few B. cepacia virulence factors have been characterized 
phenotypically or studied at the genetic level, and little is 
known about their role in pathogenesis during CF infection. B. 
cepacia may bind to and colonize respiratory epithelia in CF 
patients by mechanisms similar to those described for Pseudo- 
monas aeruginosa (6). Both organisms are generally motile and 
piliated and may adhere to the same disaccharide moiety 
present in many asialoglycolipids (21). B. cepacia also secretes 
a number of extracellular virulence factors including sid- 
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erophores, proteinases, hemolysins, and lipase (21). Evasion of 
the immune system may also be enhanced by the intrinsic 
resistance of B. cepacia to nonoxidative killing (27). B. cepacia 
recovered from CF patients whose clinical condition has un- 
dergone rapid deterioration binds to respiratory mucins with 
high affinity in vitro (23), and adherence to buccal epithelial 
cells may occur via both pilus-mediated and non-pilus-medi- 
ated adhesive mechanisms (24). To date, the only genetically 
characterized virulence factor associated with an epidemic B. 
cepacia strain type from CF patients is the cable pilus (10, 25, 
29). Tyler et al. (31) recently described a novel insertion se- 
quence (IS), IS/J56, which, in association with the element 
\S402, may also serve as a genetic marker for the epidemic B. 
cepacia strain type with a cable pilus; the pathogenic signifi- 
cance of these ISs remains to be determined (31). These ob- 
servations suggest that spread of the organism may also be 
linked to strain type; however, no genetic markers linking the 
cblA* strain type and CF patient-derived strains epidemic at 
other treatment centers (18, 20) have been identified. 

Using a PCR-based randomly amplified polymorphic DNA 
(RAPD) typing scheme, we typed 627 B. cepacia isolates re- 
covered from CF patients and a variety of other sources (20). 
During the latter study, a DNA band with a conserved size was 
observed in the RAPD fingerprints of B. cepacia strain types 
that were epidemic (infecting multiple CF patients at certain 
treatment centers) and that were presumed to be transmissible. 
The amplified band was absent from the RAPD fingerprints 
obtained from nonepidemic B. cepacia strain types which in- 
fected individual CF patients and rarely occurred in finger- 
prints for isolates recovered from the environment. The 
marker was designated the "B. cepacia epidemic strain 
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marker" (BCESM) because of its association with B. cepacia 
strain types infecting multiple CF patients. In this report, we 
describe the identification of this novel B. cepacia DNA 
marker by RAPD analysis, the prevalence of homologous 
DNA among a collection of 627 B. cepacia isolates, and se- 
quence analysis of the BCESM DNA. The prevalence of the 
cable pilin subunit gene (cblA) (25) among the same collection 
of isolates is also presented. Despite the widespread use of 
RAPD fingerprinting for typing various microorganisms, very 
few of the arbitrarily amplified DNA markers have been stud- 
ied. This report provides the first characterization of a RAPD 
marker specifically amplified from epidemic strains of B. cepa- 
cia. 

MATERIALS AND METHODS 

Bacterial isolation, strains, and culture. B. cepacia isolates recovered from 
patients with CF, patients without CF, and the environment were received from 
the contributors acknowledged previously (20). Microbiological culture, identi- 
fication, and storage of isolates were carried out as described previously (20). B. 
cepacia C5424 (DNA isolation number B57), from which the BCESM was cloned 
(see below), was isolated from a CF patient in Vancouver, British Columbia, 
Canada; the RAPD type of the strain was type 2, and it was a member of the 
cblA* (see below) major epidemic CF lineage (20, 25). Escherichia coli DH5aF' 
was used to subclone B. cepacia DNA. 

Preparation of bacterial DNA and RAPD analysis. For RAPD reactions and 
dot blot hybridization, genomic DNAs were extracted from the B. cepacia strains 
after mechanical disruption exactly as described previously (19, 20). RAPD 
fingerprinting with primer 272 (5'-AGCGGGCCAA-3') was performed as de- 
scribed previously (20). For restriction fragment length polymorphism (RFLP) 
analysis and subcloning, genomic DNAs were purified from the B. cepacia iso- 
lates as follows. Overnight bacterial growths from 2-ml Luria-Bertani broth 
cultures (grown with end-over-end rotation at 37°C in 13-ml screw-cap plastic 
tubes) were harvested by centrifugation. Bacterial pellets were resuspended in 
200 uJ of GET (50 mM glucose, 70 mM EDTA, 50 mM Tris-HCl [pH 8]) and 2.8 
ml of lysis buffer (1% sodium dodecyl sulfate [SDS], 50 mM Tris-HCl [pH 8], 50 
mM EDTA [pH 8]) containing 60 u.g of RNase A per ml and 30 jtg of proteinase 
K (Boeh ringer Mannheim, Laval, Quebec, Canada) per ml. The resulting lysate 
was incubated at 37°C with end-over-end rotation for 2 to 18 h prior to the 
addition of 1 ml of saturated ammonium acetate. Following vigorous mixing, 
protein and polysaccharide contaminants in the lysate were allowed to precipi- 
tate for 1 h at room temperature and were then removed by centrifugation 
(17,000 x g, 10 min). DNA was then collected from the lysate by ethanol 
precipitation (the addition of 2.5 volumes of ethanol), washed with 70% ethanol, 
dried under vacuum, and dissolved in 200 ^1 of TE (10 mM Tris-HCl [pH 8], 1 
mM EDTA). The yield of DNA was approximately 100 pug per 2 ml of overnight 
bacterial growth. 

Purification, labelling, and hybridization with the RAPD-derived BCESM 
probe. The 1.4-kb BCESM band amplified from B. cepacia C5424 (DNA number 
B57) with primer 272 by RAPD analysis (see Results) was separated from other 
DNA in the RAPD fingerprint by agarose gel electrophoresis (26); the DNA was 
then purified from an excised agarose slice with a glass bead DNA binding kit 
(Prep-A-Gene; Bio-Rad Laboratories, Mississauga, Ontario, Canada). RAPD 
fingerprints and genomic DNAs were probed with a 1-kb internal fragment of the 
1 .4-kb RAPD marker generated by endonuclease digestion with the enzyme Pstl. 
This internal probe was purified by agarose gel electrophoresis as described 
above, and 25 ng was labelled with 50 u.Ci of [* 2 P]dGTP (Amersham, Oakville, 
Ontario, Canada) with a randomly primed DNA labelling kit (Boeh ringer Mann- 
heim, Laval, Quebec, Canada). 

DNA amplified by RAPD analysis and endonuclease-digested B. cepacia 
genomic DNA were separated by agarose gel electrophoresis and transferred 
onto Hybond N + nylon membranes (Amersham, Oakville, Ontario, Canada) by 
using conventional capillary transfer in 20x SSC (lx SSC is 0.15 M NaCl plus 
0.015 M sodium citrate) (26). The DNA was fixed on the membranes by exposure 
to UV irradiation according to the manufacturer's instructions, and the filters 
were prehybridized overnight at 65°C in the following hybridization buffer 6X 
SSC, 0.5% SDS, 5x Denhardt's solution, and 100 u,g of denatured fragmented 
salmon sperm DNA per ml (26). Denatured radiolabeled probe was added to 
fresh hybridization buffer, and hybridization was continued overnight at the same 
temperature. The filters were then washed at high stringency as follows: twice for 
10 min at 65°C in 200 ml of 2 x SSC-0.1% SDS, followed by two more washes in 
200 ml of 0.1 X SSC-0.1% SDS at the same temperature. Autoradiographs of the 
filters were obtained by exposure to X-ray film for 24 to 48 h. 

Subcloning of RAPD marker and design of the BCESM PCR probes. The 
1 .4-kb RAPD marker from B. cepacia C5424 was purified as described above and 
was subcloned into the PCR product cloning vector pGEM-T (Promega, Fischer 
Scientific, Ottawa, Ontario, Canada). Cloning of the RAPD marker was con- 
firmed by restriction endonuclease digestion with PsrI, and the resulting plasmid 
was designated pGEM-BC57. DNA sequence analysis of the ends of the BCESM 



RAPD-PCR fragment was performed by dideoxy-termination PCR sequencing 
(CircumVent Thermal Cycle DNA sequencing kit; New England Biolabs, Mis- 
sissauga, Ontario, Canada) by using the M13 forward and reverse primers. DNA 
sequences were analyzed manually on acrylamide gels (26). 

Specific 18-base PCR primers able to amplify the 1.4-kb BCESM band were 
designed from the sequence internal to that of RAPD primer 272 (see Results 
and Fig. 4). The sequences of the BCESM -specific primers were as follows (5' to 
3 ): BCESM 1, CCACGGACGTGACTAACA, and BCESM 2, CGTCCATCC 
GAACACGAT. PCR mixtures (25 uJ) containing 100 pmol of each primer, 20 
ng of B. cepacia DNA 250 u.M (each) deoxynucleoside triphosphate, 20 mM 
Tris-HCl (pH 8.4), 50 mM KG, 2 mM MgCI 2 , and 1 U of Taq polymerase 
(Canadian Life Technologies, Burlington, Ontario, Canada) were amplified on a 
Perkin-Elmer Cetus thermal cycler (model TC-1), as follows: 30 cycles of 1 min 
at 94°C, 1 min at 63°C, and 2 min at 72°C, followed by a final extension step at 
72°C for 10 min. PCR products were analyzed by electrophoresis in 1 .5% agarose 
gels as described previously (26). 

Dot blot hybridization of B. cepacia DNA with the PCR-derived BCESM probe. 
For dot blot hybridization analysis, approximately 1 u.g of DNA (dissolved in TE) 
from each of the 627 B. cepacia isolates was filtered under vacuum onto positively 
charged nylon membranes (Boehringer Mannheim) by using a 96-well dot-blot 
apparatus (Bio-Rad Laboratories). The BCESM DNA was amplified from B. 
cepacia C5424 by PCR with the specific primers described above and was simul- 
taneously labelled with digoxigenin-1 l-uridine-5' -triphosphate (DIG-dUTP) ac- 
cording to the manufacturer's instructions (2a). Dot blot filters were hybridized 
with the DIG -labelled BCESM DNA under the same conditions described above 
for the radiolabeled probe. After stringent washing, the filters were developed 
by chemiluminescence detection with Lumi-Phos 530 according to the manufac- 
turer's instructions (2a). After reaction with the BCESM probe, the filters were 
stripped of the probe by boiling them in 0.4 M NaOH for 10 min, and the filters 
were washed thoroughly with 2x SSC prior to hybridization with the cable pi I us 
gene probe (see below). 

Dot blot hybridization of B. cepacia DNA with the cable pilin subunit gene 
probe. A full-length cable pilin subunit gene probe was amplified by PCR from 
B. cepacia C5424 by using the primers and conditions described by Sajjan et al. 

(25) . The 722-bp product was labelled during PCR with DIG-dUTP as described 
above, Prehybridization, hybridization, washing, and detection of the filters were 
carried out at high stringency exactly as described above for the BCESM probes. 

Subcloning and sequence analysis of 0. cepacia chromosomal BCESM region. 
Southern hybridization analysis of B. cepacia C5424 DNA localized the BCESM 
DNA to a 6.0-kb fragment that was generated by digestion of C5424 DNA with 
EcoRl and Bam HI. Digested chromosomal DNA in this size range was purified 
following agarose gel electrophoresis as described above and was subcloned into 
K coli DH5ctF' by using EcoR I -Bam HI -digested pUC18 (26). The resultant 
recombinant clones (approximately 2,000 colonies) were divided into six pools 
and were grown briefly, and then plasmid DNA was extracted by alkaline lysis 

(26) . Plasmid DNA pools were screened by PCR with the BCESM primers as 
described above. The BCESM DNA was amplified from two of the six pools, and 
one of these pools was retransformed into E. coli. PCR with the BCESM primers 
was then performed directly with individual colonies from this transformation, 
and two plasmid clones carrying the BCESM EcoRI -Bam HI region were iden- 
tified in the first 36 colonies screened. One of these plasmids was designated 
pTF1.2 and was used in all subsequent characterizations of the BCESM region. 

After restriction mapping of the insert of pTF1.2, a 3.3-kb EcoR\-Sal\ frag- 
ment encoding the BCESM region was subcloned into pBluescript II SK" (Strat- 
agene, La Jolla, Calif.), generating the plasmid pTFl 1. A series of unidirectional 
nested deletions of the insert of this plasmid were created using the Erase-a-Base 
System kit (Promega, Madison, Wis.). Fifteen of the resulting deletion clones 
were sequenced by automated PCR sequencing (Applied Biosystems 377 Auto- 
mated DNA Sequencer and AmpliTaq DyeDeoxy Terminator Cycle Sequenc- 
ing) with the T7 primer. Sequence data were assembled and analyzed by com- 
puter software (Lasergene for Windows; DNASTAR Inc., Madison, Wis.). 

Sequence homology analysis. Computer-assisted searches of the GenBank, 
PIR, and SWISSPROT databases were performed by using either the BLAST or 
the BEAUTY program (I, 32). Analysis of the putative EsmR protein was 
performed with the BLOCKS program (13). 

Nucleotide sequence accession number. The BCESM DNA sequence has been 
submitted to GenBank and assigned GenBank accession number U81966. 



RESULTS 

Identification of a RAPD marker of conserved size in epi- 
demic B. cepacia strain types. In a separate study we reported 
a RAPD method that was able to discriminate B. cepacia 
isolates recovered from a variety of sources including CF in- 
fection (20). Primary typing of B. cepacia was performed by 
RAPD analysis with primer 270; however, two additional 
RAPD primers, primers 208 and 272, were used to confirm the 
assignment of a given type (20). The RAPD profiles amplified 
by primer 272 from strains representative of the first 14 RAPD 
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FIG. 1. RAPD fingerprints of B. cepacia isolates amplified with primer 272 
and identification of the 1.4-kb marker. (A) DNA polymorphisms amplified from 
strains representative of 14 B. cepacia RAPD types (the RAPD type and strain 
number are indicated above each lane). The conserved 1.4-kb marker in RAPD 
types 1 , 2, 4, and 6 is indicated by the letter T. Molecular size markers were run 
in lane M, and the sizes are indicated in kilobases. (B) Southern blot of the DNA 
in panel A probed with a 1.0-kb Pstl fragment derived from the 1.4-kb marker 
purified from strain C5424 (B57). The position of the hybridizing marker is 
indicated by the letter T. 



types are shown in Fig. 1A. The fingerprint profiles of each 
strain type obtained with primer 272 were distinct, discrimi- 
nated between strain types, and correlated with typing groups 
established with primer 270. However, a 1.4-kb DNA band 
amplified by primer 272 appeared to be conserved in the fin- 
gerprints of B. cepacia strain types for which there was evi- 
dence of patient-to-patient spread among CF patients in Van- 
couver (types 1, 2, 4, and 6; Fig. 1A) and absent from the other 
nine nonepidemic CF strain types and one environmental 
strain type (Fig. 1A). 

B. cepacia type 1 was the predominant strain type colonizing 
9 CF patients attending the pediatric clinic in Vancouver, type 
2 was the epidemic strain type affecting more than 120 patients 
at treatment centers in the United Kingdom and across Can- 
ada, type 4 was the predominant strain type among patients 
attending the adult CF clinic in Vancouver, and type 6 B. 
cepacia infected a total of 5 pediatric CF patients in Vancouver 
(20). Types 3, 5, 7, 8, 10, 12, and 14 (Fig. 1A) were each 
isolated from individual CF patients only (20); B. cepacia type 
15 stably colonized one CF patient and was cultured on only 
one occasion from another CF patient who later became stably 
colonized with a type 6 strain (20). Type 13 isolates were 
recovered from three CF patients in Manchester, United King- 
dom (20); however, the 1.4-kb marker was not apparent in the 
fingerprint profile in Fig. 1A of the representative isolate am- 
plified by RAPD analysis. Type 11 B. cepacia was isolated from 
soil (20). Although the 1.4-kb marker was conserved in size 
among the majority of isolate types which infected multiple CF 
patients, because of the arbitrary nature of RAPD analyses, it 



may not have been homologous among the " different strain 
types. 

Conservation of the B. cepacia epidemic strain marker. Con- 
servation of the BCESM DNA was demonstrated by the fol- 
lowing experiments. The 1.4-kb DNA fragment was purified 
from the RAPD fingerprints of type 1, 2, 4, and 6 B. cepacia 
strains, and endonuclease cleavage of the DNA with Haelll 
and Pstl revealed identical RFLP profiles (data not shown). 
Conservation of the RFLP profile suggested that the chromo- 
somal region amplified by primer 272 in these epidemic B. 
cepacia strain types was homologous. The absence of the 
1.4-kb marker from the nonepidemic CF isolates and the en- 
vironmental isolate examined (Fig. 1A) suggested that this 
chromosomal region was either missing or rearranged such 
that amplification by PCR was not possible. To further assess 
this chromosomal locus, both the randomly amplified DNA 
and the chromosomal DNA from B. cepacia were probed by 
Southern hybridization for the presence of sequences homol- 
ogous to the 1.4-kb RAPD marker. 

Southern hybridization analysis of the RAPD gel shown in 
Fig. 1A with a probe derived from the 1.4-kb RAPD marker of 
B. cepacia C5424 is shown in Fig. IB. The 1.4-kb bands from all 
the B. cepacia isolates representative of the epidemic strain 
types except for type 13 (see below) hybridized to the probe 
(types 1, 2, 4, and 6); homologous DNA was not present in the 
RAPD fingerprints of the other strain types in Fig. 1A, indi- 
cating that the marker band was not amplified, even at a 
different size range, for these isolates. Southern hybridization 
of genomic DNA digested with Pstl also revealed the presence 
of homologous 1-kb DNA in epidemic strain types 1, 2, 4, and 
6 (data not shown); no homologous DNA at any size range was 
detected in the nonepidemic strain types examined (data not 
shown). Examination of restriction enzyme-digested genomic 
DNA from B. cepacia C5424 by Southern hybridization local- 
ized the marker DNA to a 6-kb EcoRl-BamHl chromosomal 
fragment (data not shown). Because the 1.4-kb RAPD frag- 
ment had been localized to a chromosomal locus and was truly 
absent from the nonepidemic CF isolates examined, the 
marker was designated BCESM and was cloned in E. coti for 
further characterization (see below). 

Subcloning of BCESM RAPD band and design of specific 
PCR primers. In order to develop a specific PCR probe for the 
BCESM region and to subsequently facilitate cloning of the 
chromosomally encoded marker region, the 1.4-kb RAPD- 
PCR marker amplified from strain C5424 was cloned in E. coli, 
generating plasmid pBC57 (see Materials and Methods). Se- 
quence analysis of each end of the cloned 1.4-kb PCR fragment 
enabled the design of specific PCR primers by using the se- 
quences internal to that of RAPD primer 272 which formed 
the ends of the amplified marker (see Fig. 4). These specific 
18-base PCR primers, BCESM 1 and BCESM 2 (see Materials 
and Methods), enabled the 1.4-kb marker to be amplified from 
the chromosomal DNAs of positive B. cepacia strains (Fig. 2). 

Amplification of the BCESM by RAPD analysis from strains 
of types 1, 2, 4, and 6 had been demonstrated by Southern 
hybridization (Fig. 1), and these strain types were also positive 
for the specific PCR marker (Fig. 2). Type 13 isolates, which 
lacked the marker by RAPD analysis, but which had the char- 
acteristics of an epidemic B. cepacia strain, were found to 
amplify a single fragment by specific PCR (Fig. 2). The size of 
the marker amplified from type 13 isolates was slightly higher 
than that of the other epidemic types; however, the RFLP 
profile generated by digestion with Haelll was conserved (Fig. 
2) except for the largest cleavage product, suggesting that the 
BCESM of type 13 strains may contain minor DNA sequence 
variations in this region. Type 17 isolates, the predominant CF 
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FIG. 2. Specific amplification of the BCESM DNA from transmissible ft 
cepacia strain types by PCR. The l.4-kb BCESM DNA was amplified with the 
specific primers BCESM 1 and BCESM 2 and the conditions described in the 
Materials and Methods. One-tenth of each PCR mixture was loaded for types 1, 
2, 4, 13, 17, and 40 (RAPD type and strain DNA number are indicated above 
each lane); half of the PCR mixture was loaded for the negative control type 3 
(chromosomal template DNA forms the band at the top of this lane). The 
products obtained after Haelll digestion of the BCESM band amplified from 
each type and the Pstl digestion products of the marker from a type 1 strain 
(B16) are indicated on the right. Molecular size markers are shown in lane M, 
and the sizes are indicated in kilobases. 



strain type at a treatment center in Cleveland, Ohio (18), and 
type 40, an epidemic B. cepacia CF strain from a center in 
Australia (20), were also positive for the marker (Fig. 2). No 
product was observed after amplification of DNA from the 
nonepidemic CF isolates (amplification of the DNA of a type 
3 isolate is shown in Fig. 2). The BCESM DNA amplified by 
specific PCR shared the same //adll-derived and /M-derived 
RFLP pattern as the RAPD marker (Fig. 2) and also hybrid- 
ized to the RAPD-derived fragment (data not shown), dem- 
onstrating that both types of probe detected the same chro- 
mosomal sequence. 

The specific PCR primers also facilitated the cloning of 
chromosomal BCESM DNA from B. cepacia C5424 into£. coli 
with the vector pUC18 (26) (see Materials and Methods). 

Prevalence of BCESM DNA among B. cepacia isolates re- 
covered from a variety of sources. To assess the prevalence of 
the BCESM region among B. cepacia isolates, total genomic 
DNA from 627 strains, previously assessed by RAPD analysis 
(20), was examined by DNA dot blot hybridization with the 
specific PCR-derived BCESM probe from strain C5424 (Fig. 2, 
DNA sample B57); the results are summarized in Table 1. 
Hybridization was carried out at high stringency in order to 
identify sequences homologous to the BCESM probe (see Ma- 
terials and Methods), and the signals obtained from the DNAs 
of control strains known to be positive for the marker were 
strong (Fig. 3, DNA samples B16, B20, B26, and B57). The 
BCESM PCR probe hybridized with the DNAs of all 128 CF 
isolates which belonged to the epidemic RAPD types 1, 4, 6, 
and 13. Of the three other B. cepacia types which infected 
multiple CF patients (types 2, 17, and 40), DNAs from a total 
of five B. cepacia isolates belonging to these fingerprint types 
did not hybridize to the marker (Table 1); two type 2, one type 
17, and two type 40 isolates were negative for BCESM DNA 
(Table 1). 

Of the remaining CF isolates examined, 101 were recovered 
from a total of 57 individual CF patients and were not shared 
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FIG. 3. Dot blot hybridization of B. cepacia DNA. The autoradiographs 
obtained after hybridization of DNA from the first 60 B. cepacia isolates with the 
BCESM PCR probe (A) and the cable pilus probe (B) are shown. The strain 
DNA number is indicated in panel C. Probe labelling and hybridization were as 
described in the Materials and Methods. 



by another patient (nonepidemic CF patient-derived and 
unique CF patient-derived types; Table 1) (20). Three of the 
types classified as nonepidemic were recovered from two CF 
patients. Infection of the two CF patients with type 15 B. 
cepacia isolates was transient (20). Type 23 and type 35 B. 
cepacia isolates were each recovered from two CF patients at 
treatment centers in Oklahoma City and Edinburgh, United 
Kingdom, respectively; no further isolates of these types were 
found in the collection to support their categorization as epi- 
demic (20). Among the isolates recovered from patients with- 
out CF, 20 of 44 isolates (45%) possessed homologous DNA 
(Table 1). Only 5 of the 58 isolates (8.6%) recovered from 
environmental sources harbored DNA homologous to the 
BCESM probe (Table 1). 

Total genomic DNAs from the following organisms did not 
hybridize to the BCESM probe (n indicates the number of 
strains tested): Agrobacterium radiobacter {n = 1), Alcaligenes 
faecalis (n = 1), Alcaligenes xylosoxidans (n = 5), Burkiiolderia 
gladioli (n = 13), Candida spp. (;i = 1), Comamonas ac- 
idovorans (n = 5), Enterobacter agglomerans (n = 1), E. coli 
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TABLE 1. Hybridization of the BCESM probe to DNA isolated from B. cepacia isolates recovered from a variety of sources 



Source and RAPD type" 



No. of 
isolates 



No. of isolates with 

the following 
hybridization result: 

Positive Negative 



Jo Prevalence 
of positive 
strains 



Epidemic CF RAPD types (no. of patients colonized) 6 
1 (15) 
2(>119) 
4(21) 
6(5) 
13 (3) 
XT (>2) 
40 (17) 

Nonepidemic CF RAPD types'' 3, 5, 7, 8, 10, 12, 14, 15, 19, 23, 24, 33, and 35 
Unique CF isolates* 

Clinical RAPD types 1, 4, 9, 29, 32, 36, 38, and 39 
Unique clinical isolates* 

Environmental* RAPD types 2, 11, 14, 18, 21, 22, 24, 25, 26, 28, 30, 31, 34, 37, and 39 

Unique environmental isolates* 

All isolates 
CF isolates 
Clinical isolates 
Environmental isolates 
Total 



48 


48 


0 


100 


267 


265 


2 


99 


52 


52 


0 


100 


23 


23 


0 


100 


5 


5 


0 


100 


5 


4 


1 


80 


17 


15 


2 


88 


50 


0 


50 


0 


58 


8 


50 


16 


28 


13 


15 


46 


16 


7 


9 


43 


37 


3 


34 


6 


21 


2 


19 


9 


525 


420 


105 


80 


44 


20 


24 


45 


58 


5 


53 


12 


627 


445 


182 


71 



a Adapted from RAPD typing data described by Mahenthiralingam et al. (20). 
b RAPD type infecting more than three CF patients. 

c Type 17 isolates were the dominant strain ribotype among patients attending a Cleveland CF treatment center (18); however, the 5 isolates present in our collection 
were representative of isolates recovered from only two of these patients. 
d RAPD type infecting individual CF patients at the time of data collection and isolate culture. 
e Strains with unique RAPD fingerprints unmatched in our collection at the time of data collection. 
f B. cepacia strains isolated from patients without CF. 
g B. cepacia strains recovered from the environment. 



(n = 2), Chryseobacterium {Flavobacterium) meningosepticum 
(n = 1), P. aeruginosa (n = 15), Mycobacterium tuberculosis 
(n = 2), and Stenotrophomonas (Xanthomonas) maltophilia 
(n = 4) (data not shown). 

Correlation of the BCESM marker and B. cepacia RAPD 
type. Since the majority of CF isolates in our collection be- 
longed to the epidemic CF RAPD types 1, 2, 4, 6, 13, 17, and 
40 (417 of 525 CF isolates; Table 1), the bias in total numbers 



may have skewed the distribution of the BCESM probe. How- 
ever, because all 627 isolates had been typed by RAPD anal- 
ysis, the distribution of the BCESM DNA was also examined 
by strain type; these data are summarized in Table 2. 

In total, 78 distinct RAPD types of B. cepacia were recov- 
ered from CF patients, and 15 of these possessed BCESM 
DNA (Table 2). Of the positive strain types, seven types were 
epidemic and infected multiple CF patients, as explained 



TABLE 2. Prevalence of BCESM DNA and cblA DNA among B. cepacia RAPD strain types 

a Total no. No. BCESM positive No. cblA positive 

RAPDt > f P e of strains (RAPD type) (RAPD type) 



CF epidemic type 7 

CF nonepidemic type 13 

CF unique type 58 

Clinical type & - c 8 

Clinical unique type 16 

Environmental type c,rf 15 

Environmental unique type 21 

Total* 132 



7(1,2,4,6,13, 17, and 40) 1(2) 

0 0 

8 1 

3 (1, 4, and 38) 0 

4 0 

2 (2 and 26) 2 (2 and 31) 

2 3 

23 [17.4%] 6 [4.5%] 



a Adapted from RAPD typing data described by Mahenthiralingam et al. (20). 

b Both clinical and CF isolates of RAPD types 1 and 4 were included in this category. 

c Both clinical and environmental isolates of RAPD type 39 were included in this category. 

(i Both CF and environmental isolates of RAPD types 2, 14, and 24 were included in this category. 

' The totals were calculated after subtraction of the six strain types recovered from more than one source, which are described in footnotes ft, c, and d. 
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above; the eight remaining positive types had a unique finger- 
print, and each was recovered from an individual CF patient in 
disparate geographical locations (20). Therefore, in contrast to 
the data obtained from the total number of isolates, the ma- 
jority of CF strain types lacked BCESM DNA. Sixty of the 
negative CF strain types (10 nonepidemic CF types and 50 
unique CF types; Table 2) were each recovered from individual 
CF patients, and no evidence of spread of these strain types 
was apparent. Of the three remaining BCESM-negative CF 
strain types (types 15, 23, and 35), evidence of patient-to- 
patient spread was not substantiated by further data (20). 

Among the B. cepacia strain types recovered from patients 
without CF, 7 of a total of 24 types possessed the marker 
(Table 2). Of the 36 strain types recovered from the environ- 
ment, 4 possessed DNA homologous to the BCESM probe. 
Two of these BCESM-positive environmental strain types were 
isolated from hospital environments (types 2 and 26; Table 2) 
(20). The remaining two BCESM-positive types were recov- 
ered from the natural environment (20). 

Prevalence of the cable pilus gene, cblA. The DNAs from all 
627 B. cepacia isolates were also hybridized with the cable pilus 
gene probe (cblA) (25). Dot blot hybridization results for DNA 
from the first 60 isolates are presented in Fig. 3B. In total, 272 
of the 627 isolates tested possessed DNA homologous to the 
cblA gene, and of these, 267 (98%) belonged to the same strain 
lineage, RAPD type 2, the major CF RAPD strain type (20) 
representative of this epidemic lineage (29, 31). None of the 
other epidemic CF strain types or nonepidemic CF strain types 
possessed DNA homologous to cblA. One CF isolate with a 
unique RAPD fingerprint, recovered from a patient in Okla- 
homa, hybridized with the cblA probe; DNA from this isolate 
did not hybridize with the BCESM probe (Table 2). The cblA 
gene was present in B. cepacia ATCC 35130, an environmental 
isolate, and another environmental isolate from Mexico which 
shared the same RAPD type (type 31) as ATCC 35130 (Table 
2). Two further environmental isolates from distinct geograph- 
ical sources (the United States and the United Kingdom) with 
unique RAPD fingerprints possessed cable pilus DNA; both of 
these lacked DNA homologous to the BCESM probe. None of 
the clinical isolate types recovered from patients without CF 
carried the cable pilus gene (Table 2). In total, only 6 of the 132 
RAPD-defined B. cepacia strain types possessed DNA homol- 
ogous to the cable pilin subunit gene (Table 2). 

Nucleotide sequence of the BCESM DNA. A 6.0-kb chromo- 
somal DNA fragment from B. cepacia C5424 (B57) encoding 
BCESM was cloned in E. coli; the nucleotide sequence from 
3.4 kb of DNA encompassing the BCESM probe was deter- 
mined (see Materials and Methods). The features of the 1,600 
bp of DNA spanning the BCESM marker are shown in Fig. 4A, 
and the corresponding nucleotide sequence is shown in Fig. 
4B. 

Sequences identical to those of PCR primers BCESM 1 and 
BCESM 2 were found 1,419 bp apart, and recognition sites for 
the endonuclease Pstl, used to generate the first RAPD-de- 
rived 1.0-kb probe, were encoded 1,022 bp apart within the 
1,419-bp PCR product (Fig. 4). The sequence of RAPD primer 
272 (5'-AGCGGGCCAA-3'), which originally amplified the 
BCESM DNA, was only partially matched upstream and 
downstream of the sequences encoding the specific BCESM 
PCR primers (Fig. 4A). A total of 8 bp upstream and 9 bp 
downstream were matched at the 3' terminus of the primer 
binding site (Fig. 4B). Although this level of homology was 
sufficient for amplification of the marker from most of the 
epidemic strain types under the low-stringency RAPD-PCR 
conditions, the degree of mismatch may explain the inability of 
RAPD analysis to amplify the marker from type 13 strains, 



which may contain further sequence differences in this region 
(Fig. 1 and 3). 

Sequence homology analysis of the BCESM DNA. Sequence 
analysis of the marker revealed the presence of a 834-bp open 
reading frame (ORF) encoding a putative 277-amino-acid pro- 
tein which was internal to the 1.4-kb BCESM marker (Fig. 4). 
Comparison of the sequence of this ORF with nucleotide and 
protein sequences present in the standard databases demon- 
strated significant homology to several negative transcriptional 
regulators. The putative ORF was designated the "epidemic 
strain marker regulator," or esmR, because of the homology to 
negative transcriptional regulators. The putative EsmR protein 
possessed the highest similarity (of 50 to 60% over several 
domains) with YhcK, a hypothetical transcriptional regulator 
from E. coli; UxuR, a regulator of glucuronate metabolism in 
E. coli (2, 3); PdhR, a negative transcriptional regulator of the 
pyruvate dehydrogenase complex of E. coli (28); and LldR, a 
putative regulator gene of E. coli involved in lactate dehydro- 
genase production (8). The region of highest similarity oc- 
curred in the N-terminal domains of all of the homologs, in 
which a helix-turn-helix domain was present. The putative 
EsmR protein also possessed a helix-turn-helix domain (Fig. 
4B), suggesting that it is involved in a regulatory capacity in B. 
cepacia. Thus, EsmR likely belongs to the GntR family of 
bacterial regulatory proteins (12). 

DISCUSSION 

B. cepacia infection in patients with CF is problematic. 
Knowledge of the risk factors leading to transmission and the 
features of B. cepacia which may enable it to spread from one 
CF patient to another is limited. We have identified by RAPD 
analysis a novel region of DNA specifically associated with 
epidemic strain types of B. cepacia which infect multiple CF 
patients at various treatment centers. The identification of this 
marker by RAPD analysis illustrates the versatility of the PCR- 
based technique for the genomic characterization of organisms 
for which genetic knowledge is limited. Identification of a 
putative ORF within the marker DNA sequence, which shares 
homology with a family of negative transcriptional regulators, 
may provide insights into the virulence factors responsible for 
patient-to-patient spread, aid in the identification of problem- 
atic strain types, and assist in the diagnosis and management of 
B. cepacia infections in patients with CF. 

To date, only the cable pilus and mesh pilus virulence factors 
have been linked with epidemically transmitted CF isolates of 
B. cepacia (10, 29). Goldstein et al. (10) categorized B. cepacia 
CF isolates as "epidemically transmitted" and "nonepidemi- 
cally" or "low-level transmissibility" isolates from their epide- 
miological backgrounds. Strains possessing the cable and mesh 
pilus types were categorized with "epidemically transmitted" 
CF isolates (10). Such division of B. cepacia strains must be 
approached with caution since the risk factors for B. cepacia 
transmission and the pathogenesis of the organism are not fully 
understood. Tyler et al. (31) recently described IS markers 
which were also specifically associated with cable pilus-linked 
epidemic lineage. The BCESM DNA identified in this study is 
predominantly associated with strains of B. cepacia that infect 
multiple CF patients at various treatment centers and that by 
definition were epidemic at each center. However, since the 
available epidemiological data on the colonized patients was 
limited, assumptions on the exact mode and frequency of 
transmission of these epidemic B. cepacia strain types cannot 
be accurately made. 

The B. cepacia epidemic strain types infecting multiple CF 
patients attending the Vancouver, Cleveland, Manchester, and 
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Bcesml Bees m 2 



esmR 

(834bp) 

B 



TCTGAGGGAGGGTTGGCTACCTCCCAACCTAGGGAGGGTGGCGTTC 8 0 

CAGGGATGCCCGATAATGCGCCGATATTGQATGACQCTCX3^ 160 

M A G R Q R A 

CAACGCGTAAAACGCAATCTATGCCGCCGGACAAACGCGGCCCGCGTACGACCAAGCGGGGCGATCAGGTGGCCGAGCTG 24 0 
TRKTQSMPPDRR6PRTTKRODQVABL 

ATCAAGGGTTGGATTAACGACGGGCGGGTGCGCCCGGGCAAGCGACTGAACAAGGAAGCTGAGCTACAGCAGATGTTCAA 320 
IKQWINDGRVRPGKRLNK BARLQQMPN 

CGTGAGCCGCGGCTCAATGCGCGATGCGCTCAAGGCACTGGAAGTGCAGGGACTCGTGAGCCTCAGTACAGGCCCCGAGG 400 
VSRQ3MRDALKAL BVQGLVSL3TGPBG 

GAGGCGCCACAATTACGCGTGTGCCGCTTGCGCGGGCATTCCAAGCACTGCAGAACTATTTGTTCTTCGAGAACGTCACG 480 
GATITRVPLARAPQALQNYLPPBMVT 

CTCGAGGAGCTCTATGCGGTGCGACGCACGCTCGAGCCGATTGTCGCTGCTGGCGCAGTAGCGCATTTGACTGATGCAGA 560 
LBBLYAVRRTLBP ZVAAGAVABLTDAD 

TTTCGAAGCACTCGAGCGCAGCATTTCAGTGTGCGAGCCGTTTGTGGCCGGCCACGAGCAGGCGCTTGATCAGCGCTGCG 640 
FBALBRSI SVCBPFVAGHBQALDQRCB 

AGGATATCCATTTTCACGACGTGCTGGCCGCGGCTCATCCGAACGCGTTTTTGCGGTGCCTTTGCCGGATCATCAATCAG 720 
DZHFHDVLAAAHPNAFLRCLCRI ZNQ 

ATGCTGCACTCGCTGGTGATTGTGGCGGGCAACGTCACGCAGCGTGACTATCAGGCGTTCGGCCGTACGACGCTCGCTGC 800 
MLHSLVIVAGNVTQRDYQAFGRTTLAA 

GCACCGTGCAATTCTCGAGGCTGCACGGCGGCGCGATGCTCAGGCAGTGGAGCGCCTGATGGCCGCGCATATGGACGAGG 880 
RRAILBAARRRDAQAVBRLHAAHMDBA 

CCGAGGCACAACTGCGGAAAGTACATGCCGCGTTGAGGCAAAAGCTTGTGCTCGACTCCGAACTCGATACGCAGATGAGC 960 
EAQLRKVHAALRQKLVLDSBLDTQMS 

CGCGACGCGTCCTGAGGCGGCATCCACCGACAGCACGGTTCCGCCATCGCATGGTCTGCGGATGCTCGCCGAAATTCACG 1040 
R D A S * 

GCATATCAGTCACAATGGGCTAATTAATTACAATAAATAAAATAAATGAGAGTGGGTATGCGCTTCGTGAGGGTAGTAGG 1120 

CGAGGAGCTTGGAGGAAATTACCCGGGTAAACGCTGACATTTTGTTGCTTGACCGTGTGAGATATTCGATCGTAAATTTA 1200 

TGATAATAAATAGACGTCAGGATCGAAGCTGCGCACGTGCTGGTCCGAGCGATCTCCGAGGCGGTTCATCGCGTCAGGTC 12 80 

GAGGCCGGCGAGGTTTATTCCAAAGCAGCGGCGATCGTTGGTGAACGGCTTGTAAGTAACGAGTGGTTGATCGCCGCCGG 1360 

CTGCGAGAGAGAGGTATCGAGGGCTGCAGCAAGCGCAAGCAGA 1520 

AAGAG ATCGTGTTCGGATGGACGT TQTCCCC^ 1600 

FIG. 4. BCESM chromosomal locus of B. cepacia C5424. (A) Features of 1,600 bp of the nucleotide sequence encompassing the marker. The RAPD primer binding 
sites, the BCESM primer binding sites, the Pst\ cleavage sites, and the orientation of a putative ORF, esmR, are shown. (B) The corresponding 1,600-bp nucleotide 
sequence and amino acid translation of the putative ORF. Nucleotides matching RAPD primer 272 are indicated with a dotted line, and the sequences of the BCESM 
PCR primers are underlined. The amino acid translation of the putative EsmR protein is indicated by boldface type beneath the nucleotide sequence. The underlined 
region of EsmR corresponds to the putative helix-turn-helix domain homologous with the helix-turn-helix domains of a number of negative transcriptional regulators (12). 



Australian treatment centers all lacked the cable pilus gene, 
but did possess DNA homologous to the BCESM (types 1, 4, 
6, 13, 17, and 40; Table 1). The absence of the cable pilus 
marker in all the other epidemic strain types examined in this 



study is in contrast to the results of Sun et al. (29), whose 
studies highlighted the spread of only one strain type among 
CF patients and promoted the fact that the cblA DNA is a 
useful marker for infectious strain types. Our data demonstrate 
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that all B. cepacia colonization among patients with CF is of 
major concern and that strain types other than those with the 
cblA + lineage should not be considered less of a problem just 
because the cable pilus-carrying strain has been designated 
"highly infectious" (10, 30). Although the cblA marker is as- 
sociated with the most prevalent B. cepacia CF strain type in 
the United Kingdom and North America (RAPD type 2; Ta- 
bles 1 and 2) (20), it was present in only 6 of the 132 RAPD- 
defined strain types in the collection of 627 isolates examined 
(Table 2); of these 6 cblA + types, only 1 was an epidemic CF 
strain type (type 2), as denned by our collection. Interestingly, 
B. cepacia RAPD type 2 was the only strain type in the entire 
collection possessing both the cable pilin subunit gene and the 
BCESM DNA. Since the combination of IS/556 and IS402 is 
also associated with this infectious strain type (31), these data 
suggest virulence factors linked with this unique combination 
of genetic markers may contribute to the striking prevalence of 
this lineage within the CF patient population. 

DNA homologous to the BCESM probe was absent from 5 
of 417 isolates belonging to epidemic CF types, suggesting that 
the region may be subject to some instability. Multiple repli- 
cons are present in the genome of B. cepacia (7, 22), and 
therefore, it is possible that the BCESM region may be en- 
coded on a replicon which may be unstable in some transmis- 
sible CF isolates. There was no correlation with the BCESM 
marker and the presence of a plasmid when conventional al- 
kaline lysis (26) was used as a means of DNA preparation (data 
not shown); however, this procedure is inefficient for the pu- 
rification of plasmids greater than 50 kb in size (26). The 
genome of B. cepacia may also be quite plastic due to large 
numbers of ISs present (9), and specific ISs have recently been 
linked to the cblA epidemic strain type (31). No sequences 
homologous to IS elements present in databases were found on 
the sequence of the BCESM region; however, if IS elements 
flank the BCESM region that we have characterized, this may 
contribute to its instability in vitro in certain strain types. 

The majority of CF strain types lacked the BCESM, and 
hence, the DNA cannot be considered a universal marker for 
the ability of B. cepacia to colonize and cause infection in 
patients with CF. However, the specific association of the 
BCESM DNA with strain types which infect multiple CF pa- 
tients suggests that it can be used to identify strain types which 
have a high capacity to spread among CF patients and become 
epidemic at a given treatment center. For example, type 6 B. 
cepacia, a BCESM-positive strain, colonized only one CF pa- 
tient at the treatment center in Vancouver for 6 years (20). In 
the seventh year of study, this strain type spread to two other 
pediatric CF patients and subsequently to more patients to 
infect a total of five CF patients attending the treatment center 
(20). Because of this specific association with strain transmis- 
sion and not colonization per se, the BCESM DNA may mark 
a region of the B. cepacia genome which encodes virulence 
factors or regulators which play a role in strain transmissibility. 
The role of the putative EsmR protein encoded on the 1.4-kb 
BCESM DNA remains to be determined. Significant homology 
to the GntR family of bacterial regulatory proteins and pos- 
session of a DNA-binding helix-turn-heiix motif (12) suggest 
that it may play a regulatory role in B. cepacia; however, the 
ORF's authenticity and regulatory targets remain to be deter- 
mined. 

Phenotypic examination of B. cepacia strains recovered from 
the natural environment has indicated that they are markedly 
different from epidemic strains associated with pulmonary in- 
fection in CF patients (5), and multilocus enzyme electro- 
phoresis has also shown that environmental isolates produce 
electrophoretic profiles that are in general distinct from those 



of CF isolates (16). The low prevalence of the BCESM DNA 
among B. cepacia strains recovered from the natural environ- 
ment (2 of 36 types examined; Table 2) suggests that in general 
these strain types are also genetically distinct from the strains 
which infect multiple CF patients. Identification of the 
BCESM DNA region, which is the first genetic marker con- 
served among several epidemic types of B. cepacia, suggests 
that phenotypic factors which are associated with this DNA but 
which are absent from isolates present in the natural environ- 
ment may be important for the spread of this organism among 
patients with CF. 

The B. cepacia BCESM DNA did not hybridize to DNA 
from a wide variety of other microorganisms present in spu- 
tum, and the clear distinction between positive and negative B. 
cepacia strains suggests that DNA probes based on this region 
may be useful clinically for the identification of potentially 
problematic strain types. The prevalence of the B. cepacia 
BCESM marker will need to be evaluated in other CF treat- 
ment centers where transmissible isolates are thought to be 
present. However, on the basis of the results presented in this 
report, the BCESM probe is the first genetic link identified 
between several epidemic strain types, and it may serve as a 
putative marker for the presence of strains of B. cepacia with 
the potential for spread among patients with CF. 
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Pseudomonas cepacia is recognized as an opportunistic pathogen in immunocompromised patients. We 
screened 120 strains of P. cepacia isolated from clinical specimens for production of extracellular products. 
About 70% of these strains produced lipase, protease, and lecithinase, but only 4% produced hemolysin. A 
hemolysin produced by P. cepacia JN106 was characterized. Hie hemolysin was most active against human 
erythrocytes. Horse, sheep, chicken, and rabbit erythrocytes were also susceptible. The hemolysin was heat 
labile and was inhibited by sterols but was not activated by 2-mercaptoethano) and dithiothreitol. Four 
hemoJysin-negative mutants obtained by A^-methyl-^V'-nitro-N-nitrosoguanidine treatment produced the other 
extracellular products. A 58-kilobase-pair plasmid found in the parent strain was also found in the mutant 
strains, suggesting that the hemolysin gene resides on the chromosome. 



In the genus Pseudomonas, Pseudomonas cepacia has the 
most versatile ability to catabolize various organic com- 
pounds (24). It is highly resistant to many antibiotics and 
disinfectants and has been isolated with increasing fre- 
quency from clinical specimens and hospital environments 
(3, 6, 20, 27). The species is recognized as an opportunistic 
pathogen and is associated with various types of nosocomial 
infections (4, 7, 22, 27). In addition, P. cepacia now com- 
plicates cystic fibrosis (13). 

There are few reports on the virulence factors of P. 
cepacia. McKevitt and Woods (19) have reported the pro- 
duction of virulence factors by 48 strains of P. cepacia 
isolated from patients with cystic fibrosis. A majority of 
strains produced protease and lipase, and about one-half of 
the strains produced smooth lipopolysaccharide. On the 
other hand, none of the strains produced elastase, 
cytotoxins, or ADP-phosphoribosyl transferase. 

This study was initiated to determine the virulence factors 
of P. cepacia. One hundred and twenty strains isolated from 
clinical specimens were screened for extracellular products. 
In addition, a hemolysin produced by one of the strains was 
characterized. 

MATERIALS AND METHODS 

Bacterial strains. One hundred and four strains of P. 
cepacia isolated from clinical specimens in Juntendo Uni- 
versity Hospital, Tokyo, Japan, from 1983 to 1984 were 
generously provided by T. Oguri and J. Igari. Among 79 
strains of known origin, 15 strains were isolated from spu- 
tum, 12 strains from pus, 11 strains from urine, and 9 strains 
from cerebrospinal fluid; and 4 strains each were from blood, 
catheters, and drain tubes. Other strains were provided by S. 
Oiye, Yamaguchi University Hospital, Ube, Yamaguchi, 
Japan, and E. Yabuuchi, Gifu University, Gifu, Japan. 
Identification of strains was confirmed by biochemical tests 
(9). Strains were stored in sterile glycerol solution (10% 
[wt/volj) at -80°C. 

Detection of extracellular products. Protease (28), elastase 
(23), and lecithinase (8) were determined by plate assays; 
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lipase production was determined by Tween 80 hydrolysis 
(26); and hemolysin production was determined by using 
plates containing 7.5% defibrinated sheep blood in heart 
infusion agar (Eiken Co. Ltd., Tokyo, Japan). Results were 
determined after incubation at 28°C for 48 h. 

Preparation of crude hemolysin. Cells were grown in 
nutrient broth (Difco Laboratories, Detroit, Mich.) or dialy- 
sate of brain heart infusion broth (Eiken Co.) for about 48 h 
at 28°C with shaking. When the A M of the culture reached 
1.5, the culture supernatant was obtained by centrifugation 
(9,000 x g t 10 min). Crude hemolysin was prepared by 
ammonium sulfate fractionation and by taking the fraction 
between 20 and 60% saturation. This fraction was then 
dialyzed against 10 mM Tris hydrochloride (pH 7.4). The 
preparations of culture supernatant and crude hemolysin 
were stored at -80°C until use. Protein concentrations were 
determined by the method described by Lowry et al. (18). 

Hemolysin assay. The hemolysin assay mixture contained 
10 mM Tris hydrochloride (pH 7.4)-160 mM NaCl (hemoly- 
sin assay buffer), 2% suspensions of sheep erythrocytes that 
had been washed with saline, and an appropriate volume of 
sample containing hemolysin in a total volume of 2 ml. 
Control experiments for spontaneous lysis or complete lysis 
were carried out without hemolysin and with 0.2% sodium 
dodecyl sulfate, respectively. Reaction mixtures were incu- 
bated at 37°C for 10 min and chilled on ice for 2 min to stop 
the reaction. The unlysed erythrocytes were removed by 
centrifugation at 1,500 x g for 2 min, and the A 330 of the 
supernatant was determined. The activity resulting in 50% 
hemolysis of 2 ml of 2% sheep erythrocyte suspensions was 
defined as 1 hemolytic unit (HU). 

Studies on effects of various reagents on hemolysin. The 
culture supernatant of strain JN106 (8 HU/ml) was preincu- 
bated at 0°C for 2 h with N-ethylmaleimide (1 mM), p- 
chloromercuribenzoate (1 mM), 2-mercaptoethanol (1 mM), 
dithiothreitol (1 mM), or disodium EDTA (1 mM and 10 
mM); and the residual activity was determined. The effect of 
CaCl 2 on hemolysin was determined by the addition of 1 or 
10 mM CaCl 2 to the assay mixture. Sterols were dissolved in 
ethanol to make a 5 mM solution which was serially diluted 
with hemolysin assay buffer just before use. A small volume 
of crude hemolysin was added to 1 ml of sterol solution and 
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TABLE 1. Extracellular products produced by 120 clinical 
isolates of P. cepacia 

_ , „ . No. of 

Extracellular positive 

P roduct * strains (ft) 

Protease 83 (69) 

Lecithinase 80(67) 

Lipase 88 (73) 

Hemolysin 5 (4) 

Elastase 0(0) 

a Extracellular products were determined by plate assays, as described in 
the text. 



incubated at 0°C for 30 min. Then, the hemolysin activity 
was determined under standard assay conditions. 

Mutagenesis. An overnight culture (4 ml) of P. cepacia 
JN106 was incubated with 12 ml of fresh nutrient broth at 
28°C for 4 h with shaking. Cells were harvested by centrif- 
ugation, washed once with 0.1 M citrate buffer (pH 5.0), and 
suspended in 8 ml of the same buffer. N-Methyl-AT-nitro-N- 
nitrosoguanidine (NTG; 2 ml) was added to a final concen- 
tration of 1 mg/ml, followed by incubation at 28°C for 90 min 
without shaking. To screen hemolysin-negative mutants, 
cells were washed twice with carbon source-free M9 medium 
(5) and spread on sheep blood-agar plates, which were 
incubated at 28°C. About 0.5% of the cells remained viable 
after NTG treatment. 

Isolation of plasmid DNA and digestion with restriction 
enzyme. Plasmid DNA was isolated by the method of Kado 
and Liu (15). DNA was subjected to 0.7% agarose gel 
electrophoresis in Tris-borate buffer (89 mM Tris, 2.5 mM 
EDTA, 89 mM boric acid [pH 8.0]) at a constant 100 V. Gels 
were stained with ethidium bromide (1 u,g/ml) and photo- 
graphed. Digestion of plasmid DNA with BamHl (Takara 
Shuzo Co. Ltd., Kyoto, Japan) was performed by the 
method of the supplier. 

RESULTS 

Detection of extracellular products. One hundred and 
twenty clinical isolates of P. cepacia were screened for the 
production of protease, lecithinase, lipase, hemolysin, and 
elastase (Table 1). The majority of strains produced prote- 
ase, lecithinase, and lipase. Only 5 strains produced hemo- 
lysin, as indicated by a clear zone of hemolysis around the 
colonies on sheep blood-agar plates. All the hemolysin- 
producing strains also produced protease, lecithinase, and 
lipase. None of the strains produced elastase. Among 120 
strains, 30 strains did not produce any of the extracellular 
products described above. 

Characterization of hemolysin produced by P. cepacia 
JN106. Because hemolysins produced by various bacteria 
are known to be involved in bacterial virulence, we charac- 
terized the P. cepacia hemolysin produced by strain JN106. 

TABLE 2. Sensitivity of erythrocytes from various animal 
species to strain JN106 hemolysin 0 

Source of Relative 
erythrocytes sensitivity (%) 

Human 195 

Horse 142 

Sheep 100 

Chicken 97 

Rabbit 77 

° Culture supernatant (8.8 HU/ml) was used. 
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FIG. 1. Effect of pH on hemolysin activity. The culture super- 
natant of P. cepacia JN106 (8.0 HU/ml) was incubated with 2% 
sheep erythrocyte suspensions in 10 mM buffers of various pHs 
containing 160 mM NaCl. Symbols: A, sodium acetate buffer; O, 
sodium phosphate buffer; □, Tris hydrochloride buffer; ■, glycine- 
NaOH buffer. 



When the cells of JN106 were grown in nutrient broth or in 
dialysate of brain heart infusion broth at 28°C for 48 h 
without shaking, the culture supernatant contained approx- 
imately 8 HU of hemolysin per ml. On the other hand, the 
activity could not be detected when the cells were grown 
with shaking but, otherwise, under the same conditions. 

About 60% of the hemolysin activity in the culture super- 
natant was recovered by ammonium sulfate fractionation in 
the fraction from 20 to 60% saturation. Attempts to purify 
the hemolysin by gel chromatography or ion-exchange col- 
umn chromatography were hindered by aggregation of the 
hemolysin (data not shown). 

For the standard assay of hemolysin, sheep erythrocytes 
were used. In addition to sheep erythrocytes, the hemolysin 
showed cytolytic activity against human, horse, chicken, 
and rabbit erythrocytes (Table 2). Human erythrocytes were 
twofold more sensitive to the hemolysin than were sheep 
erythrocytes. 

The effect of pH on hemolysin activity was determined 
with the culture supernatant, which showed the highest 
activity at pH 5.5. This was twice as much as the activity at 
pH 7.4 (Fig. 1). 

Inactivation studies. The hemolysin was heat labile, and 94 
and 97% of the activity was lost by heat treatment at 56°C for 
30 min or 100°C for 5 min, respectively (Table 3). 

The activity of hemolysin against sheep erythrocytes was 
not affected by N-ethylmaletmide, p-chloromercuribenz- 
oate, 2-mercaptoethanol, dithiothreitol, EDTA, or CaCI 2 . In 
addition, the hemolysin was not activated -by 1 mM dithio- 
threitol, even after incubation at 4°C for 15 h. 

Inhibition of hemolysin by sterols. Cholesterol and 7- 
dehydrocholesterol completely inhibited hemolysin activity 
at a concentration of 3 y.M, and 50% inhibition was observed 
on the addition of 0.5 u,M of the sterols (Fig. 2). In addition, 
ergosterol, dihydrocholesterol, and stigmasterol showed 
50% inhibition at concentrations of 3 to 5 jiM. Concentra- 



TABLE 3. Heat stability of strain JN106 hemolysin 
Treatment- 

activity (%) 

100°C, 5 min 3.2 

100°C, 20 min 1.8 

56°C, 30 min 5.6 

fl A total of 0.1 ml of crude hemolysin (10 HU) was dissolved in hemolysin 
assay buffer and incubated under various conditions. 
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tions of sterols to give 50% inhibition were variable, depend- 
ing on the hemolysin preparations. No inhibition was ob- 
served by 50 u,M dehydroepiandrosteron, pregnenolone, or 
estradiol (data not shown). 

Isolation of hemolysin-negative mutants of JN106. P. 
cepacia JN106 produced protease, lecithinase, and lipase, in 
addition to hemolysin. To establish that the hemolysin 
activity was not associated with the other extracellular 
products, hemolysin-negative mutants were isolated after 
NTG treatment. By screening 1,500 clones, 4 hemolysin- 
negative mutants were obtained (Table 4). The mutant JN106 
did not produce any hemolysin, as judged by plate or tube 
assay, by using a sample of the 20 to 60% ammonium sulfate 
fraction containing 0.25 mg of protein. In contrast, the same 
ammonium sulfate fraction of the parent strain (crude hemo- 
lysin) had approximately 40 HU/mg of protein. Other mu- 
tants appeared to be slightly leaky, producing a narrow 
hemolytic zone on plates after incubation for 4 days at 28°C. 
Other extracellular products were produced normally by the 
mutants, except for mutant JN1075, which did not produce 
protease (Table 4). These results indicate that the hemolysin 
activity of P. cepacia JN106 is not associated with the other 
extracellular products. 

Ptasmid analysis of JN106. Strain JN106 was found to carry 
a plasmid of approximately 58 kilobase pairs, based on the 
size of restriction fragments produced by digestion with 
Bam HI. All the mutant strains also carried a plasmid of the 
same size as that carried by the parent strain. It was assumed 
that the plasmid was not involved in the hemolysin synthesis 
of JN106. 

DISCUSSION 

The results of the survey of extracellular products of 120 
strains of P. cepacia described in this report coincided well 
with those of McKevitt and Woods (19), who screened for 
extracellular products of 48 strains of P. cepacia isolated 
from patients with cystic fibrosis. It appears, therefore, that 
the described pattern of extracellular products (Table 1) may 
represent the pattern of P. cepacia populations of clinical 
origin. Gonzalez and Vidaver (11) reported that onion mac- 
eration tests and pectolytic activity at low pHs were positive 
in strains of plant origin, whereas these activities were 
negative or minimal in strains of clinical origin. 

Hemolysin is considered to be one of the virulence factors 
of several bacteria such as Streptococcus pyogenes (1) 
Staphylococcus aureus (14), Vibrio parahaemolyticus (21), 




Sterol concn (jjM) 

FIG. 2. Effect of sterols on P. cepacia hemolysin. Crude hemo- 
lysin (1 HU) was incubated with various concentrations of sterols. 
Symbols: O, cholesterol; #, 7-dehydrocholesterol; □, dihydro- 
cholesterol; ■, ergosterol; A, stigmasterol. 



TABLE 4. Properties of hemolysin-negative mutants of 
strain JN106 



Production of 1 : 

Strain 





Hemolysin 


Protease 


Lecithinase 


Lipase 


JN106 (wild type) 


+ 


+ 


+ 


+ 


JN1066 




+ 


+ 


+ 


JN1067 




+ 


+ 


+ 


JN1070 


± 


+ 


+ 


+ 


JN1075 






+ 


+ 



• Extracellular products were determined as described in the text. 
b Slight hemolysis was found after incubation for 4 days. 



Vibrio vulnificus (16), Escherichia coli (29), and Pseudomo- 
nas aeruginosa (17). The heat-labile hemolysin produced by 
P. aeruginosa is phospholipase C, which catalyzes the 
hydrolysis of phosphatidylcholine (lecithin) to phospho- 
rylcholine and diacylglycerol (2). The hemolysin-producing 
strain P. cepacia JN106 also produced lecithinase, as deter- 
mined by the egg yolk reaction. Association of the hemolytic 
activity with lecithinase is unlikely, because hemolysin- 
negative mutants still produced lecithinase. 

The hemolysin produced by strain JN106 was inhibited by 
several sterols. Cholesterol and 7-dehydrocholesterol 
showed the strongest inhibition of the hemolysin. The inhi- 
bition pattern of P. cepacia hemolysin by sterols was very 
similar to that of streptolysin O, a representative of thiol- 
activated and cholesterol-binding cytolysins (25). In contrast 
to streptolysin O, however, the P. cepacia hemolysin was 
not activated by 2-mercaptoethanol or dithiothreitol. Hemo- 
lysin produced by V. vulnificus is also not affected by 
2-mercaptoethanol or dithiothreitol, although it is inhibited 
by cholesterol (12). 

Results of many studies have shown that the genetic 
determinants for certain virulence factors are carried by 
plasmids. For example, E. coli strains of animal origin carry 
a hemolysin gene on a plasmid (10). We analyzed strain 
JN106 and found that it contains a 58-kilobase-pair plasmid. 
The hemolysin determinant, however, is unlikely to reside 
on the plasmid, because hemolysin-negative mutants still 
carry the plasmid. 
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Introduction 

Originally named following its identification as 
a cause of soft rot in onions, Burkholderia cepacia 
has also been known as Pseudomonas multivorans 
and Pseudomonas kingae [1,2], and until most 
recently, as Pseudomonas cepacia [3]. A proposal 
for the transfer of 7 species of the genus Pseu- 
domonas RNA Homology group II to a new 
genus Burkholderia with the type-species 
Burkholderia cepacia has been validated [3]. For 
the purpose of this review the name B. cepacia 
will be used. 

Once considered solely as a phytopathogen, B. 
cepacia is now recognized as an important 
pathogen in nosocomial infection and in patients 
with chronic granulomatous disease and particu- 
larly in those with cystic fibrosis (CF). CF is the 
most common autosomal recessive lethal disease 
in Caucasian populations with an incidence of 
approximately 1 in 2500 live births and a carrier 
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frequency of 1 in 20. The basic cause of the 
pathophysiological symptoms of CF is a defect in 
epithelial ion transport which results in viscous 
dehydrated bronchopulmonary and gastrointesti- 
nal secretions. Build-up of viscid mucus is associ- 
ated with impaired mucociliary clearance and 
susceptibility to bacterial colonization which in 
turn initiates a vicious cycle of chronic inflamma- 
tory reaction. The susceptibilty of CF patients to 
pulmonary colonization has been recognised since 
the earliest descriptions of the disease when pa- 
tients seldom survived infancy. Advances in man- 
agement of CF have meant that today most pa- 
tients survive to early adulthood. However, this 
increased longevity has in part created its own 
problems including the emergence of new oppor- 
tunistic pathogens, including and most notably, 
B. cepacia. 

The last decade has seen B. cepacia emerge as 
a particular problem amongst patients with CF, 
where colonization may be symptomless or asso- 
ciated with a slow decline in lung function. A 
more serious clinical outcome, not observed with 
other CF pathogens, in which some colonized CF 
patients experience B. cepacia bacteraemia and/ 
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or succumb to an accelerated and fatal deteriora- 
tion in pulmonary function [4-7], is central to the 
current concern over B. cepacia in the CF com- 
munity. 

Based on nucleic acid homology, B. cepacia is 
more closely related to B. pseudomallei , B. mallei 
and B. gladioli than to P. aeruginosa and other 
fluorescent pseudomonads, and was placed in the 
separate subgroup, Pseudomonas RNA homology 
group II. P. cepacia is nutritionally versatile, with 
minimal growth requirements and the ability to 
survive in unfavourable environments: it has been 
isolated from disinfectants and antiseptics and 
can even use penicillin G as a nutrient [8-11]. 
The organism is intrinsically resistant to most 
antibiotics, and even if individual strains show in 
vitro susceptibility to an antibiotic, there is little 
clinical response [10,12-15]. 

In contrast to the large amount of information 
on P. aeruginosa virulence factors, knowledge of 
the virulence factors and pathogenesis of B. cepa- 
cia is scanty. Animal models have indicated that 
B. cepacia is less virulent than P. aeruginosa [16]. 
The aim of this review is to discuss the main 
features and properties of B. cepacia and, in 
particular, to focus on those which may con- 
tribute to its ability to colonize patients with CF. 



Colonization and adherence 

The ability of a potential pathogen to adhere 
to the host mucosal or epithelial cell surfaces is 
often pivotal in the subsequent establishment of 
infection. Few potential adhesins have been de- 
scribed for B. cepacia, and most attention to date 
has been focused on the adhesive properties of 
fimbriae. 

Electron microscope studies have shown that 
approximately 60% of B. cepacia strains express 
peritrichous fimbriae (see Fig. 1) [17,58]. Other 
B. cepacia strains possess polar fimbriae, similar 
to those expressed by B. aeruginosa [18]. Kuehn 
et al. [17] showed that outer membrane protein 
preparations of B. cepacia were enriched with 3 
proteins (16, 20 and 40 kDa) which were not 
present in a non-fimbriated strain. The fimbrial 
subunit was identified as the 16 kDa protein; the 



protein appeared similar to those seen in other 
bacteria and showed homology with PAK fim- 
briae of P. aeruginosa [17]. This data contrasts 
with that of Saiman et al. who found minimal 
cross- reactivity with anti-P aeruginosa anti-pilin 
monoclonal antibodies and no homology between 
P. aeruginosa pilin gene probes and B. cepacia 
genomic DNA [18,19]. It is possible that sequence 
variation exists among the pilin genes of different 
B. cepacia strains and that any individual pilin 
gene probe from P. aeruginosa may not reveal a 
specific B. cepacia gene [17]. 

The presence of fimbriae increases the ability 
of B. cepacia to adhere to pneumocytes in vitro 
[17]. In vitro binding experiments by Kirvan et al. 
[20] demonstrated that both P. cepacia and P. 
aeruginosa adhere to the same GaI/31-4GalNAc 
sequence present in many asialoglycolipids. The 
experiments of Saiman et al. [19] did not demon- 
strate competition for epithelial receptors, indi- 
cating that different epithelial receptors may be 
used preferentially by each of the Pseudomonas 
species or that the bacteria may bind to each 
other. Binding of 2 B. cepacia strains to epithelial 
monolayers increased in the presence of P. aerug- 
inosa indicating a possible synergistic relationship 
whereby P aeruginosa exo-products modify ep- 
ithelial cell surfaces, exposing receptors and facil- 
itating increased B. cepacia attachment [19]. It 
must be stressed, however, that not all CF pa- 
tients are colonized with P. aeruginosa prior to 
acquisition of B. cepacia: in the Edinburgh CF 
clinic 38% of patients with B. cepacia are not 
co-colonized with P. aeruginosa [6]. 

Sajjan et al. [21] were able to demonstrate 
specific binding of B. cepacia isolates from pa- 
tients with CF to both CF and non-CF mucins as 
well as to buccal epithelial cells. Unfortunately 
no typing data was available to exclude the possi- 
bility of clonal relationships between the strains 
[21]. The degree of binding observed with B. 
cepacia is considerably less than that observed 
with P. aeruginosa [58]. Deglycosylation of mucin 
indicated that the mucin receptors for B. cepacia 
include N-acetylglucosamine and N-acetylgalac- 
tosamine. Isolates exhibiting the highest mucin 
binding values tended to correlate with those 
patients with severe illness leading to speculation 
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that variability in the binding of different £. 
cepacia isolates to respiratory mucin may con- 
tribute to morbidity and mortality, and may ex- 
plain why some B. cepacia strains colonize pa- 
tients transiently whereas other strains, once ac- 
quired, are never lost. A sparsely distributed 22 
kDa pilin-associated protein was identified as a 
mucin binding adhesin specific to piliated strains 
of B. cepacia [22]. 



Siderophores 

Production of siderophores enables bacteria to 
compete for iron with host iron-binding proteins 
including transferrin and lactoferrin and has been 
correlated with the ability of various bacteria to 



establish and maintain infection. B. cepacia 
strains express at least 3 siderophore-mediated 
iron transport systems, including pyochelin, 
cepabactin and azurechelin [23-26]. Pyochelin 
produced by B. cepacia is chemically' unrelated to 
the pyochelin siderophore of P. aeruginosa [23,24]. 
A 14 kDa ferripyochelin binding protein, present 
in increased amounts in the outer membrane of 
iron-starved 5. cepacia cells, has also been de- 
scribed [23]. Morbidity and mortality in infected 
CF patients has been correlated to the produc- 
tion of pyochelin. Although such evidence may 
point to a role in pathogenicity, half of the clini- 
cal isolates investigated by Sokol [23] were py- 
ochelin-negative. Pyochelin may increase the abil- 
ity of B. cepacia to disseminate throughout the 
lungs and perhaps induce a greater inflammatory 




Fig. 1. Pseudomonas cepacia J1359 in the process of dividing into 2 separate cells which exhibit peritrichous pili. Staining is 2% w/v 

phosphotungstic acid. Magnification X 25 000, 
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response due to the increased area of infection in 
the lung [27]. Exogenously supplied pyochelin en- 
hanced the virulence of non-pyochelin producing 
B. cepacia strains in a chronic pulmonary model 
in rats [27]. Meyer et al. [26] showed that B. 
cepacia ATCC25416 excreted both pyochelin and 
a lower molecular mass compound, cepabactin, 
which strongly chelated Fe III and facilitated iron 
translocation. Azurechelin, another distinct iron- 
binding compound, has been identified in 88% of 
B. cepacia strains isolated from the respiratory 
tract [25]. 



Extracellular virulence factors 

B. cepacia produces a number of extracellu- 
lar products including protease, gelatinase, 
haemolysin and lipase, although no pathogenic 
role for these factors has been demonstrated 
[28,29]. Unlike P. aeruginosa, B. cepacia does not 
appear to produce toxin A, exoenzyme S, or 
other detectable extracellular factors capable of 
producing a cytotoxic effect in vitro [28]. In a 
study of putative pathogenic factors of B. cepacia 
[30] a number of characteristics were demon- 
strated more frequently in isolates from CF pa- 
tients than control isolates. These factors in- 
cluded production of catalase, ornithine decar- 
boxylase, valine aminopeptidase, C14 lipase, algi- 
nase, and trypsin; reduction of nitrate to nitrite; 
hydrolysis of urea and xanthine and complete 
haemolysis on bovine red blood cells. The role of 
any of these factors in respiratory colonization or 
infection in CF patients is not clear [30]. Indeed, 
an epidemic strain of B. cepacia CF5610 associ- 
ated with fatal clinical outcome in CF does not 
produce C14 lipase or haemolysis [6]. 

Molecular studies of the Pseudomonas exo- 
toxin A gene by Vasil et al. [31] concluded that 
the production of exotoxin A and the presence of 
the exotoxin A gene are probably limited to P. 
aeruginosa and is not found in other Pseu- 
domonas spp. Southern hybridization experi- 
ments under low, medium and high stringency 
conditions with an exotoxin A gene probe failed 
to produce a positive signal with any of 8 B. 
cepacia strains tested. Similar experiments con- 



ducted by ourselves also failed to demonstrate 
the presence of the exotoxin A gene in 3 environ- 
mental strains of B. cepacia although a positive 
band was obtained with B. cepacia CF5610 strain 
isolated from a patient with CF. However, growth 
of this strain in both iron replete and depleted 
medium and subsequent analysis of the cell free 
culture supernate by polyacrylamide gel elec- 
trophoresis and immunoblot analysis with anti-P. 
aeruginosa exotoxin A antisera, failed to confirm 
production of a 66 kDa protein equivalent to P. 
aeruginosa toxin A. (J.W. Nelson, unpublished 
results). 

The extracellular proteinase of B. cepacia, a 
34 kDa protein, has antigenic similarities to P. 
aeruginosa elastase and cleaves gelatin, hide pow- 
der, collagen but not human immunoglobulin IgG, 
IgM, secretory IgA, or IgA [32], Intratracheal 
instillation of purified proteinase into rat lungs 
produces a bronchopneumonia characterized by 
polymorphonuclear cell infiltration and proteina- 
ceous exudation into large airways. Active immu- 
nization of rats with B. cepacia proteinase elicits 
an immunological response although this is not 
protective against subsequent lung infection with 
B. cepacia [32]. 

There is also evidence that lipases, particularly 
phospholipases, may play an important role in 
bacterial virulence [33,34]. Phosphoplipase C is 
an enzyme that cleaves phosphatidylcholine, a 
major lung surfactant, to yield phosphorylcholine 
and diacylglycerol, and has been associated with 
cytopathology of lung tissue. B. cepacia has fre- 
quently been described as being lipolytic [28,33- 
35]. McKevitt and Woods [28] reported that 32 of 
48 strains of B. cepacia isolated from CF patients 
demonstrated lipase activity on egg-yolk agar 
whilst Carson et al. [35] showed that B. cepacia 
could hydrolyse Tween 20, 40, and 80. In another 
study [34] 6 out of 10 clinical strains of B. cepacia 
from the sputum of CF patients produced lecithi- 
nase by the egg-yolk reaction, whilst lipase activ- 
ity on 4 different Tweens was strain-dependent. 
Purified enzyme had a molecular weight of 25 000 
and was not cytotoxic for Hela cells or for mice 
injected intravenously with purified lipase. It has 
been reported, however, that lipase adversely af- 
fected the phagocytic function of rat pulmonary 
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alveolar macrophages in a dose-dependent man- 
ner [36]. Phagocytosis of B. cepacia by rat pul- 
monary alveolar macrophages was significantly 
reduced when the cells were either preincubated 
with lipase or when phagocytosis occurred in the 
presence of the lipase [36]. Scanning electron 
microscopy showed that the macrophages ex- 
posed to B. cepacia lipase had fewer pseudopo- 
dia, microvilli and other projections compared to 
untreated macrophages. Thus B. cepacia lipase 
may be an important virulence factor which al- 
lows the bacteria to evade the mammalian host 
defence system. 

B. cepacia produces a heat-labile haemolysin 
which has both phospholipase C and sphin- 
gomyelinase activities [37]. Haemolytic and phos- 
pholipase C (lecithinase) expression in B, cepacia 
appears to be a complex phenomena. The study 
of Nakazawa et al. [29] found that only 4% of 
clinical isolates were /3-haemolytic, whilst 67% of 
isolates produced lecithinase. Others have found 
higher percentages of haemolytic isolates of B. 
cepacia if a variety of erythrocyte types were 
tested, including a study of clinical isolates of B. 
cepacia from CF patients which found that 40% 
were haemolytic when erythrocytes from various 
animals were tested [37]. Unlike the PLC activity 
of P. aeruginosa the PLC activity in B. cepacia 
does not correlate with haemolytic activity [29,37]. 
However, all haemolytic strains produce de- 
tectable lecithinase activity, and strains of B. 
cepacia, whether haemolytic or non-haemolytic, 
appear to produce detectable amounts of extra- 
cellular PLC activity. In contrast to the consistent 
patterns observed in the PLC gene of P. aerugi- 
nosa there is hypervariability in genetic organiza- 
tion of the PLC gene of B. cepacia [37]. The 
variable manner in which a B. cepacia PLC spe- 
cific gene probe hybridizes with restricted B. 
cepacia DNA, the variability in expression of 
haemolytic and PLC activities of different strains, 
and the association of DNA arrangements with 
conversion of an Hly+ to an Hly- variant may 
be related to the relatively large number of dis- 
tinct insertion sequences (IS) reported for 5. 
cepacia (>25) [37,38]: in contrast these elements 
have yet to be discovered in P. aeruginosa. Some 
of these IS elements of B. cepacia, can be found 



in multiple copies and have been shown to both 
activate or inactivate gene expression. 



Cell surface antigens 

Lipopolysaccharide 

B. cepacia strains isolated from patients with 
CF may express either the rough (R) or smooth 
(S) lipopolysaccharide (LPS) phenotype, whereas 
the majority of B. cepacia strains isolated from 
other clinical conditions or from the environment 
express S-LPS (S.L. Butler, unpublished results). 
This is in agreement with the study of McKevitt 
and Woods [28] where 22 strains examined pos- 
sessed S-LPS and 26 strains possessed R-LPS. 
The epidemic strain of B. cepacia isolated from a 
number of CF patients in the UK invariably has a 
R-LPS phenotype and is associated with the ap- 
pearance of dry colonies [6]. There is no evidence 
to date to confirm that B. cepacia strains undergo 
a phenotypic change from S to R LPS within the 
CF lung as is observed with P. aeruginosa. 

Western blotting and absorption studies 
demonstrated that a significant proportion of 
serum antibodies from B. cepacia-infected CF 
patients which reacted with the core LPS of B. 
cepacia did not react with the core LPS of P 
aeruginosa [39]. These observations indicate dif- 
ferences in the structure and composition of core 
LPS between B. cepacia and P. aeruginosa con- 
firming previous findings, including the lack of 
phosphorus in the core of B. cepacia LPS [40] 
and the inability of a monoclonal antibody reac- 
tive with P. aeruginosa and P. fluorescens core 
LPS to react with B. cepacia [41]. Core hetero- 
geneity between different isolates of B. cepacia 
may also exist because immunoblotting demon- 
strated that serum from patients colonized with 
B. cepacia produced a band reactive with some 
but not all core LPS preparations [39]. 

Initial chemical analysis of B. cepacia LPS 
indicated the absence of detectable 3-deoxy-D- 
manno-2-octulosonic acid (KDO) in LPS from B. 
cepacia [42,43]. However, Straus et al. [44] re- 
ported the isolation of KDO from the culture 
supernate of 2 out of 10 strains of B. cepacia and 
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in a further study KDO was demonstrated in 6 
clinical isolates of B. cepacia and all 6 LPS 
preparations were equally toxic for mice when 
injected intraperitoneal^ [45]. Compared with 
LPS from P. aeruginosa that from strains of B. 
cepacia has less phosphorus and more heptose. 
Glucose and rhamnose were the major saccharide 
components of LPS from the organisms tested 
[42]. An extracellular material isolated from a 
clinical B. cepacia consisted of a surface carbohy- 
drate antigen, LPS and protein, the toxicity of 
which appeared to be associated with the LPS 
portion of the complex [46]. It has been proposed 
that this extracellular toxic complex produced by 
B. cepacia is responsible for the lethality and 
extensive pulmonary tissue necrosis associated 
with pneumonia produced by this organism. 

Outer membrane proteins 

B. cepacia produces 5 major outer membrane 
proteins A (56 kDa), B (38 kDa), C (37 kDa), D 
(28 kDa) and E (21 kDa). The C and D proteins 
have been identified as porin proteins [47,48], 
and appear to be antigenic in most patients with 
CF who are chronically colonized with B. cepacia 
[48,49]. In the study of Anwar et al. [55], outer 
membrane protein profiles of magnesium-de- 
pleted cells were much simpler than that of iron- 
depleted cells and nutrient broth grown cells. 
Synthesis of a 66 kDa outer membrane protein 
was induced when B. cepacia was grown under 
iron depletion. B. cepacia isolates from individual 
CF patients may exhibit marked phenotypic vari- 
ability, including manifestation of different pat- 
terns of outer membrane proteins separated on a 
polyacrylamide gel: up to 5 OMP patterns have 
been identified from B. cepacia isolates derived 
from a single strain [50]. 

Various studies indicate that the outer mem- 
brane of B. cepacia is a major contributing factor 
in the /3-lactam resistance of this species, retard- 
ing the diffusion of ^-lactams to their penicillin- 
binding protein targets [47,51,52]. Resistance to 
aminoglycosides and hydrophobic compounds in 
B. cepacia is largely due to the low outer mem- 
brane permeability [51]. Loss of the major porin 
protein D and decreased expression of protein C 



may also be associated with high level /3-lactam 
resistance in some CF isolates of B. cepacia [52]. 
Production of /8-Iactamases, including carbape- 
nases capable of hydrolyzing the most potent and 
broad spectrum of the ^-lactam antibiotics, 
imipenem and meropenem, also contribute signif- 
icantly to the resistance of B. cepacia [53]. 



Exopolysaccharide 

Production of alginate by mucoid strains of P. 
aeruginosa is the major virulence determinant 
associated with strains which colonize the lungs 
of patients with CF. In contrast, B. cepacia does 
not appear to produce alginate. PCR studies with 
primers of the P. aeruginosa algD gene, encoding 
the essential enzyme GDP mannose dehydroge- 
nase, indicate that this gene was absent in 10 B, 
cepacia strains studied and therefore that 5. 
cepacia is unlikely to produce an alginate-like 
polymer (J.W. Nelson, unpublished results). Ad- 
ditional studies in our laboratory and by Sage et 
al. [54] showed that some B. cepacia strains do 
produce an exopolysaccharide comprising galac- 
tose, glucose, mannose, glucuronic acid and 
rhamnose, with lesser amounts of uronic acid: no 
mannuronic or guluronic acid was detected. Sur- 
veys of clinical isolates from patients with CF 
indicate that there is no correlation between the 
ability of B. cepacia to colonize the respiratory 
tract and capacity to form exopolysaccharide 
[6,54]. In contrast, Straus et al. [46] observed that 
1 strain of B. cepacia produced an alginate-like 
compound containing 72% guluronic acid with 
1.75% acetylation. 



Evasion of the immune system 

Immunological studies on B. cepacia coloniza- 
tion of patients with CF indicate that the organ- 
ism persists despite a considerable antibody re- 
sponse and suggest the possibility of immune- 
mediated damage. Aronoff et al. [48,49] demon- 
strated the presence of IgG antibodies to outer 
membrane antigens of B. cepacia in serum from 
patients with CF colonized with B. cepacia and/ 



95 



or P. aeruginosa. These authors concluded that 
some B. cepacia outer membrane components 
may be antigenically related to those of P. aerugi- 
nosa and that colonization with B. cepacia occurs 
in the presence of antibodies specific for the 
outer membrane of the organism. Serum IgG and 
sputum IgA antibodies directed towards the core 
LPS of B. cepacia have also been described [39]. 

Investigations into the bactericidal effect of 
human serum have shown a large variation in the 
responses of the B. cepacia strains investigated. 
All strains expressing R-LPS were serum-sensi- 
tive under a variety of test conditions whilst strains 
expressing S-LPS exhibit a range of responses 
(S.L. Butler, unpublished results). Anwar et al. 
[55] showed that a B. cepacia strain grown in 
different nutrient depletions in batch culture 
showed varying degrees of sensitivity to engulf- 
ment and killing by human polymorphonuclear 
leucocytes (PMN) and to killing by human serum. 
The wide range of sensitivity shown by the organ- 
ism may reflect the phenotypic variation in cell 
envelope composition caused by specific nutrient 
depletions. Patients with chronic granulomatous 
disease (GCD) are at particular risk of infection 
with B. cepacia, which is able to resist 
neutrophil-mediated non-oxidative bactericidal 
killing (D.P. Speert, personal communication). 
The ability of B. cepacia to survive a pronounced 
humoral response and other immunological de- 
fences is intriguing and requires further investiga- 
tion. Indeed there is a suggestion that B. cepacia 
may invade and survive within respiratory epithe- 
lial cells, enabling the organism to persist within 
the CF lung [56]. 



Concluding remarks 

Acquisition of B. cepacia is a major concern 
among patients with CF although the exact 
pathophysiological role of the organism remains 
controversial and unsolved. Epidemiological data 
and the use of phenotypic and genotypic typing 
systems for B. cepacia suggest that certain strains 
are particularly transmissible, although there is 
no evidence at present that some strains are more 
virulent. The role of any of the described viru- 



lence factors of B. cepacia relating to its patho- 
genesis in patients with CF remains unclear. En- 
hanced adhesion to mucin of certain B. cepacia 
strains may aid initial colonization whilst multi- 
resistance to antibiotics and possible intracellular 
localization may contribute to persistence of the 
organism. Production of anti-5. cepacia antibod- 
ies by the host and subsequent immune complex 
mediated damage, is probably responsible for 
pulmonary decline. The development of a CF 
mouse model carrying precise and clinically rele- 
vant mutations [57] will allow in vivo investigation 
of B. cepacia colonisation and virulence factors. 
Current concern over B. cepacia colonisation 
amongst CF patients has highlighted the urgent 
need to identify B. cepacia colonising factors and 
the pathophysiological and / or immunological 
factors which account for the rapid clinical dete- 
rioration in some CF patients. 
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Soft-Tissue Infection Due to Mycobacterium smegmatis: Report of Two Cases 



James A. Newton, Jr., Peter J. Weiss, 
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Mycobacterium smegmatis is an uncommon pathogen in humans. Fourteen cases of skin or 
soft-tissue infection due to M, smegmatis have been previously reported. We report two cases of 
posttraumatic M. smegmatis infection of the lower extremity. M, smegmatis infection produces 
chronic cellulitis with fistula formation that is most commonly a result of direct traumatic inocu- 
lation of contaminated material. Extensive surgical debridement followed by skin grafting has 
been necessary for cure in the majority of cases. 



Mycobacterium smegmatis, a rapidly growing mycobacte- 
rium, is an uncommon cause of disease in humans. The first 
well-described case involving a human was that of a patient 
with M, smegmatis pleuropulmonary infection and was re- 
ported by Vonmoos et al. [ 1 ] in 1 986. Since then, the cases of 
25 additional patients with M. smegmatis infection, 14 of 
which had skin or soft-tissue infection, have been reported 
[2-4]. Among the rapidly growing mycobacteria, M. smeg- 
matis is now considered second only to the Mycobacterium 
fortuitum complex as a cause of human disease [5]. 



Case Reports 

Patient /. A 2 1 -year-old man was involved in an acci- 
dent during which he was ejected from a motor vehicle and 

; , sustained closed fractures of the left scapula and the right 
first rib as well as a small puncture wound of the distal left 
leg. The puncture wound was irrigated and cleaned of debris 
on the day of injury. Six weeks later the patient presented to 

'. , ihe orthopedic clinic at our facility (Naval Hospital, San 
Diego) with complaints of draining of the left-leg lesion of 4 
weeks* duration and painful left inguinal lymphadenopathy 
°f 3 days* duration. The patient denied experiencing fever, 
c hi!ls, night sweats, or weight loss. 

Physical examination on admission revealed a tempera- 
lure of 36.8°C and a normal pulse and blood pressure. A 

: w arm, erythematous area that measured 9 X 9 cm was pres- 

. *nt on the lateral aspect of the distal left leg and ankle. 
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Within this area was a fluctuant mass (1.5 X 2 cm) with 
central ulceration and seropurulent drainage. Tender, non- 
fluctuant left inguinal lymphadenopathy with lymphangitic 
streaking was also present. Radiographs of the distal left tibia 
revealed periosteal elevation, and a radionuclide bone scan 
showed intense focal uptake in the medial portion of the left 
tibia and in the surrounding soft tissue. 

The patient underwent operative debridement, and exten- 
sive soft-tissue and periosteal necrosis was noted. Gram 
staining of the debrided tissue revealed many polymorphonu- 
clear leukocytes but no organisms. Ziehl-Neelsen staining 
was not performed. The patient's wound healed normally, 
and on the 9th postoperative day acid-fast bacilli were noted 
in cultures of specimens obtained during the operative de- 
bridement. Therapy with cefoxitin (2 g iv every 8 hours) and 
amikacin (640 mg iv every 12 hours) was begun empirically. 
Disk diffusion testing of the bacilli showed marked sensitiv- 
ity to trimethoprim-sulfamethoxazole (TMP-SMZ); conse- 
quently, the antibiotic regimen was changed to 1 tablet of 
TMP-SMZ three times a day. A follow-up visit at 8 weeks 
showed resolution of the cellulitis with a healed surgical 
wound, and administration of antibiotics was discontinued. 
Clinical resolution of the tibial osteomyelitis was also noted, 
and the patient was still well 7 months after discontinuation 
of antibiotic therapy. The cultured organism was later identi- 
fied as M. smegmatis. 

Patient 2. A 29-year-old severely obese woman was in- 
volved in a motor vehicle accident and sustained an avulsion 
injury (25 X 30 cm) of the anterior left thigh, an open lacera- 
tion of the right prepatellar bursa, and a traumatic left knee 
arthrotomy. She was treated at a local hospital, where large 
amounts of sand and gravel were removed from the wound at 
initial debridement. Administration of ampicilltn, gentami- 
cin, and clindamycin was started empirically. Three days 
later the patient was transferred to our facility; upon arrival 
she was febrile (temperature. 38.8°C), lachycardiac (heart 
rate, 1 18), and hypotensive (blood pressure, 88/52 mm Hg). 
Initial examination revealed that the large avulsion injury 
contained small areas of necrotic tissue and foreign debris; 
debridement was repeated. Pseudomonas aeruginosa grew in 
cultur es of the intraoperative specimens, and antibiotic ther- 
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apy was changed to administration of ticarcillin/clavulanate 
(3. 1 g iv every 4 hours). Thereafter, the wounded area pro- 
gressively improved. Split-thickness grafting of skin was per- 
formed 18 days after the third debridement, and the patient 
was discharged 2 weeks later. 

One month after discharge the patient developed cellulitis 
of the posterolateral aspect of her left thigh, which was empir- 
ically treated with dicloxacillin (500 mg po four times a day). 
Painful, fluctuant nodules developed within the area of cel- 
lulitis, and open drainage was performed. Gram staining re- 
vealed many polymorphonuclear leukocytes but no organ- 
isms. Routine cultures were negative. Acid-fast staining of 
the debrided tissue was not performed. After 4 months of 
persistent cellulitis, the patient was readmitted for further 
evaluation. Examination revealed an erythematous, warm, 
brawny area of cellulitis (15 X 25 cm) in the left popliteal 
fossa and posterolateral thigh. Multiple well-formed sinus 
tracts draining purulent material were present. A radionu- 
clide bone scan and an indium-labeled leukocyte scan 
showed intense uptake in the medial femoral condyle that 
was suggestive of osteomyelitis, but a magnetic resonance 
imaging scan revealed no abnormalities. Ultrasonography 
revealed an abscess cavity measuring 2.4 X 2 cm within the 
area of cellulitis, which yielded 8 ml of purulent fluid on 
needle aspiration. Gram staining of the fluid showed many 
polymorphonuclear leukocytes with several beaded gram- 
positive bacilli. Modified Kinyoun carbolfuchsin staining 
was strongly positive for acid-fast bacilli. The organism was 
presumptively identified as a Nocardia species; the patient 
was discharged and continued therapy with TMP-SMZ (1 
tablet three times a day). 

One month later, the patient continued to have pain in 
and drainage from the thigh lesion. The organism originally 
isolated had meanwhile been identified as M. smegmatis. An- 
tibiotic therapy was changed to the administration of doxycy- 
cline ( 100 mg po twice a day) and ciprofloxacin (750 mg po 
twice a day) on the basis of sensitivities demonstrated by disk 
diffusion. The patient continued to have seropurulent drain- 
age from the sinus tracts and required surgical debridement. 
Extensive necrosis of the subcutaneous tissue that extended 
to the muscular fascia was noted during surgery. At the time 
of this writing, the patient was receiving maintenance ther- 
apy with ciprofloxacin and doxycycline and was being ob- 
served for clinical evidence of recurrent infection. 

Discussion 

M. smegmatis was isolated initially from syphilitic 
cha ncres in I 884 by Lustgarten [6] and, I year later, from 
normal human genital secretions (smegma) by Alvarez and 
Tavel [7]. This organism has subsequently been recognized 
as an environmental saprophyte; Tsukamura [8] identified 
M. smegmatis in 25 (38%) of 66 Japanese soil samples. It is 
interesting that M. smegmatis has not been isolated from ei- 



ther normal or pathogenic human genital secretions since its 
initial isolation by Alvarez and Tavel in 1885 [2]. 

M. smegmatis, a rapidly growing mycobacterium, is micro- 
biologically similar to M. fortuitum in that it grows on Mac- 
Conkey medium without crystal violet, reduces nitrate, and 
demonstrates iron uptake. However, it can be differentiated 
from M.fortuitum by its growth at 45°C, the negativity of a 
3-day test for arylsulfatase, and the delayed formation of pig. 
ment at 2 weeks (in 50% of isolates). 

As late as 1979, M. smegmatis was felt to be nonpatho- 
genic in humans [9]. The first human infection was reported 
in 1986 by Vonmoos et al. [1], who described a patient with 
M. smegmatis pleuro pulmonary infection. The first report of 
cutaneous disease was published in 1988 by Wallace et al. 
[2J, who reported that 22 clinical isolates had been referred 
to their lab over a 7-year period. Eleven of these isolates were 
from patients with cutaneous or soft-tissue infection. A brief 
description of the patient's medical history accompanied 
each isolate, but details on the clinical course or response to 
therapy were not provided. 

Plausand Hermann [3] subsequently reported two cases of 
soft-tissue infection due to M. smegmatis in 1991. Both pa- 
tients abused anabolic steroids and developed anterior thigh 
abscesses at the injection site after using a common bottle of 
veterinary-grade stanozolol that was contaminated with M. 
smegmatis. The patients were treated with erythromycin and 
amikacin for 2 weeks and then with ciprofloxacin for an ad- 
ditional 6 weeks, but their conditions failed to improve; ag- 
gressive debridement followed by skin grafting was required. 
This procedure resulted in apparent eradication of the infec- 
tion, as both patients were clinically disease-free 6 months 
after debridement. 

An additional case of cutaneous infection was reported by 
Roger et al. [4] in 1991. This patient sustained a puncture 
injury to the ankle while gardening and developed extensive 
cellulitis with suppuration. The patient was treated with 
various antibiotic combinations to which the isolate was sen- 
sitive in vitro, but failed to respond and required aggressive 
surgical debridement with subsequent skin grafting. 

In summary, M. smegmatis is a rare but clinically signifi- 
cant environmental pathogen and should be considered in 
the diagnosis of chronic cutaneous or soft-tissue infection. A 
history of a soil-contaminated wound should raise the clini- 
cal suspicion of infection with this pathogen. Extensive sur- 
gical debridement followed by skin grafting has been neces- 
sary for the eradication of infection for most patients. 
Adjunctive antibiotic therapy should be considered and can 
be chosen on the basis of in vitro sensitivity data [10]. 
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The moderately repetitive sequence Ca3 was used to fingerprint Candida albicans isolates from 32 patients 
hospitalized for more than 3 days, 17 recent admissions or outpatients, and 8 recently readmitted patients and 
10 commensal isolates from the community in Wellington, New Zealand, plus isolates from 21 hospitalized 
patients, 26 outpatients or recent admissions, 4 recently readmitted patients, and 10 healthy individuals in the 
community in Auckland, New Zealand. In Wellington, isolates from patients hospitalized in Wellington 
Hospital for more than 3 days were genetically significantly less diverse than were isolates from outpatients or 
recent admissions or isolates from healthy individuals in the community. In addition, two clusters of geneti- 
cally similar strains were isolated from hospitalized patients significantly more often than from other indi- 
viduals. These observations provide evidence (albeit indirectly) for nosocomial transmission of hospital- 
specific C. albicans strains. In contrast, no indication of hospital-specific transmission of C. albicans was found 
in Auckland Hospital. Since these results were obtained under conditions in which no candidiasis outbreak 
occurred in either hospital, they also suggest that Ca3 fingerprinting may be a useful tool in preventive 
nosocomial infection control programs, allowing assessment of the extent of C. albicans transmission occurring 
in a hospital. 



Most humans carry the yeast Candida albicans as part of 
their commensal microflora, but in hosts predisposed to can- 
didiasis it can act as a pathogen. In hospitals, greater success in 
the treatment of cancers and in the treatment of viral and 
bacterial infections and improvement in intensive care have led 
to an ever-increasing number of severely compromised pa- 
tients susceptible to candidiasis. This has led to an increase in 
the incidence of nosocomial candidiasis, with C albicans being 
the most frequently encountered species. In most patients, 
candidiasis is localized, causing patients a considerable degree 
of discomfort. For certain high-risk groups of patients, such as 
burn patients, low-birth- weight babies, and leukemics, a 5 to 
15% incidence of Candida fungemia with an associated mor- 
tality rate of up to 90% has been reported (1, 4, 6, 7, 22). 

It is a commonly expressed opinion that strains which were 
already present as part of a host's commensal microflora are 
usually the etiological agents of candidiasis (7, 16, 20). On the 
other hand, clusters of nosocomial candidiasis do occur, sug- 
gesting the possibility of transmission of virulent strains to 
patients (5). It is important to determine whether transmission 
contributes to nosocomial candidiasis. If it does, prevention of 
transmission may reduce the incidence of the disease. 

The numerous attempts to demonstrate nosocomial trans- 
mission of C. albicans have been recently reviewed by Hunter 
(5). Some of these studies have indeed found the same type of 
strain on multiple patients but suffered from problems regard- 
ing the discriminatory power and reproducibility of the typing 
methods used. These problems are exemplified by the results 
of multiple studies of the so-called "London outbreak." As 
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summarized by Hunter, repeat analyses of this outbreak 
yielded contradictory results not only when different typing 
methods were used but also when the same method (restriction 
fragment length polymorphism on ethidium bromide-stained 
gels of whole DNA digests) was used twice for the same iso- 
lates (5). In his 1991 review, Hunter concluded that nosocomial 
transmission of C. albicatis had not yet been unequivocally 
demonstrated (5). Our own review of the literature indicates 
that to date this conclusion remains valid. 

The present study employed computer-assisted Ca3 DNA 
fingerprinting (15), the most highly discriminating and accu- 
rate G albicans typing method currently available (5, 8), to test 
if strain transmission between hospitalized patients occurs. Use 
was made of the ability of the method to quantitatively de- 
scribe the relationships between groups of isolates on the basis 
of their genetic similarity (15). By this approach, nosocomial 
transmission should be revealed by the widespread occurrence 
of groups of genetically similar strains on hospitalized patients. 
These groups of strains should in addition be significantly less 
frequent on outpatients or recent admissions and healthy in- 
dividuals in the community. 

Using this approach, we have obtained evidence for trans- 
mission of G albicans in one of two hospitals studied. 

MATERIALS AND METHODS 

Selection and isolation of strains. Clinical isolates were from patients at 
Wellington Hospital, Wellington, New Zealand, admitted to 16 different wards 
and from patients at Auckland Hospital, Auckland, New Zealand, admitted to 27 
different wards. Both are tertiary-care hospitals of approximately the same size 
(546 and 687 beds, respectively). Isolates (one per patient) for fingerprinting 
were chosen from isolates recovered from clinical specimens submitted to hos- 
pital microbiological laboratories between August 1992 and November 1993. All 
isolates had been identified as C. albicans by the germ tube assay (7). This 
identification was verified by the results of fingerprinting with the species-specific 
probe Ca3. All isolates had the strong and complex banding patterns character- 
istic of C. albicans but absent in related species (9, 13, 18, 19). All isolates 
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fingerprinted were from sites at which yeast concentrations exceeded the levels 
for commensal colonization listed by Odds (7). Yeast concentrations were de- 
termined by semiquantitative plate-streaking procedures employed by the labo- 
ratories. These results were converted to cell numbers by using conversion 
factors derived from calibration experiments with samples of known viable-cell 
concentrations. Vaginal isolates were excluded from the analysis because earlier 
studies have indicated that relationships among these isolates differ from those 
among isolates found in other body locations and that they must thus be assessed 
separately (11, 14). Commensal isolates (each from a different person) were 
obtained from non related healthy volunteers in the community. For each isolate, 
a single colony was used to inoculate an agar slant which formed the basis of 
further analysis. Additional information on the histories of the isolates is sum- 
marized in Table 1 and in Fig. 1 and 5. 

DNA fingerprinting with the Ca3 probe. DNA fingerprinting was performed as 
previously described by Schmid et al. (15). In brief, cells were grown in YPD 
medium to late log or early stationary phase and DNA was prepared from 
spheroplasts according to the method of Scherer and Stevens (10). The DNA 
concentration was determined fluorometrically by using the dye H 33258 (3). 
DNA was digested with EcoRl, after which fragments were separated on 0.8% 
agarose gels and transferred to a nitrocellulose membrane and then subjected to 
Southern hybridization with a 32 P-labelled nick-translated Ca3 probe (15) and 
autoradiography. The Ca3 probe contains 11 kb of repetitive sequences and 
hybridizes to all but two chromosomes of C. albicans (2). For a detailed descrip- 
tion of its characteristics as a fingerprinting tool, see reference 15. 

Analysis of fingerprints for the determination of relationships between 
strains. The methods used for analysis of fingerprints were those described by 
Schmid et al. (15). Southern blot patterns were entered into a Macintosh Ilvi 
computer as data files. The Dendron computer program (15) was used to quan- 
titate the degree of similarity between patterns of different isolates, resulting in 
similarity values, also referred to as S AB values, ranging from 1.0 (the two 
patterns compared are identical) to 0.0 (the two patterns have no bands in 
common) (15). Relationships between isolates were visualized in dendrograms 
constructed from matrices of similarity values by using the unweighted pair group 
method (17). The branching point between two isolates in dendrograms reflects 
their genetic similarity. Groups of genetically similar strains were defined as 
groups of isolates connected by branching points in dendrograms at an S AB value 
of ^0.8; this value lies halfway between the average S^ value found for multiple 
isolates from the same patients (0.96) (reference 13 and this study) and the 
average value for isolates from different unrelated healthy individuals in the 
community (0.66) (references 13, 15, and 18 and this study). 

Test for the preferred association of groups of genetically similar strains with 
patients with particular characteristics. The frequency of isolation of a group of 
genetically similar strains (defined as described above) from patients showing a 
particular characteristic (e.g., a particular sex or age, long hospitalization, or 
admission to a particular ward) was determined. Next, the frequency of the same 
group of strains among other patients lacking this characteristic (or having the 
opposite characteristic) was determined. A z test was used to determine if the 
difference in frequency was statistically significant. 



RESULTS 

Analysis of Wellington isolates. Sixty-seven C. albicans iso- 
lates, each from a different individual, were analyzed (Fig. 1). 
These included 10 commensal isolates (labelled C in Fig. 1) 
and 57 patient isolates. Of the 57 patients, 32 had been hos- 
pitalized for more than 3 days prior to the isolation of C. 
albicans and were categorized by us for the purpose of this 
study as hospitalized (labelled H in Fig. 1). Seventeen were 
either outpatients or had been hospitalized for 3 days or less 
and were categorized by us as outpatients or recent admissions 
(labelled OR in Fig. 1). Eight additional patients were recent 
admissions but had been hospitalized within the 6 preceding 
months and were for that reason not included in the outpa- 
tient-or-recent-admission category). 

Figure 1 shows that many of the strains were genetically 
dissimilar. However, several groups of similar isolates are also 
apparent (such groups being defined as containing isolates with 
S AB values of >0.8 between them). The three largest groups of 
genetically similar isolates are labelled WA, WB, and WC in 
Fig. 1. Several of the isolates within these groups were as, or 
almost as, similar to each other as were multiple isolates from 
the same patients (average S AB value = 0.96 ± 0.02, deter- 
mined with two isolates each from four patients). Figure 2A 
gives an overview of the range of Ca3 patterns encountered; 
Fig. 2B illustrates the similarities between isolates from the 



TABLE 1. Histories of C. albicans isolates used in this study 



Isolate or patient category 



No. (%) of isolates 
Wellington Auckland 



Patient isolates 
No. of isolates 

Sex of patients 



57(100) 



Most frequent conditions predis- 
posing patient to candidiasis 0 



Site of C. albicans isolation 



51 (100) 



Female 


23(40) 


21 (41) 


Male 


34 (60) 


30(59) 


Age of patients (yr) 






0-2 


3(5) 


4(8) 


2-50 


17(30) 


16(31) 


>50 


37 (65) 


31 (61) 


Most frequent sites of C. albicans 






isolation 






Sputum or aspirate 


16(28) 


18(35) 


Skin or wounds 


14(24) 


11 (22) 


Feces 


11(19) 


0(0) 


Urine 


0(0) 


9(18) 


Oral cavity 


10(17) 


7(14) 



Antibacterial antibiotics 


13(23) 


12(24) 


Surgery 


1120) 


5(10) 


Catheterization 


4(7) 


6(12) 


Asthma (corticosteroid treatment) 


10(17) 


1(2) 


Diabetes 


0(0) 


3(6) 


No. of patients at high risk of ac- 


9(15) 


8(16) 


quiring candidiasis 6 






No. of patients with clinical features 


32 (56) 


17(33) 


of candidiasis reported 






Duration of hospitalization of 






paient prior to isolation of 






C albicans (days) 






>3 C 


32 (56) 


21 (41) 


0-3 rf 


17(30) 


26(51) 


0-3 readmission* 


8(14) 


4(8) 


Commensal isolates 






No. of isolates 


10 


10 


Sex of patients 






Female 


6 


4 


Male 


4 


3 


Unknown 


0 


3 


Age of patients (yr) 






0-2 


0 


0 


2-50 


9 


6 


>50 


1 


1 


Unknown 


0 


3 



Oral cavity Oral cavity 



° Conditions listed by Odds (7) as predisposing patients to candidiasis. 

h HIV-positive or leukemia patients or those undergoing anticancer therapy. 

c The average durations of hospitalization were 32 ± 65 days in Wellington 
Hospital and 29 ± 26 days in Auckland Hospital. 

d Outpatients and recent admissions. The average duration of hospitalization 
was 1 ± 1 day in both hospitals. 

' Recent admissions who had been hospitalized within the previous 6 months. 



same patient and isolates from different patients falling into 
the same group of genetic similarity. 

If transmission of C. albicans between hospitalized patients 
occurs, isolates from such patients should be derived from a 
limited number of groups or clusters whose members are sim- 
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FIG. 1. Genetic relationships among all Wellington isolates determined on the basis of the similarity of their Ca3 fingerprints. The dashed line in the dendrogram 
denotes the threshold value of 0.8 for defining groups of genetic similarity. The three largest groups of genetically similar isolates, WA, WB, and WC, are marked 
on the right of the dendrogram. Following the designation of each isolate is information on the duration of hospitalization of the patient (column labelled hsp; H, 
hospitalized for >3 days; OR, outpatient or recent admission; -, recent admission who was hospitalized previously; C, individual in the community [commensal isolate]), 
the wards to which patients had been admitted (column labelled wrd), clinical status indicating conditions predisposing the patient to candidiasis (column labelled cs; 
aa, asthma plus antibiotics; ab, antibiotics; ac, antibiotics plus catheterization; as, asthma; ca, catheterization; ic, immunocompromised by HIV, leukemia, or cancer or 
cancer treatments; sa, surgery plus antibiotics; su, surgery; wc, wound plus catheter. Asterisks denote patients for whom clinical symptoms indicating candidiasis were 
reported), sex, age (O, >50 years; Y, <2 years; blank cells, 2 to 50 years), and the body site or material from which the isolate was obtained (column labelled loc; bl, 
bloodstream; ca, catheter; fc, feces; or, oral cavity; sk, skin, including wounds; sp, sputum). 



ilar to each other. In contrast, isolates from recently admitted 
patients, outpatients, or healthy individuals in the community 
should be genetically more diverse. Figure 1 indicates that 
many of the isolates from hospitalized (>3 days) patients in 
Wellington Hospital were derived from only a few groups, 
since a high percentage of them were associated with the three 
large clusters WA, WB, and WC 
To directly assess if a difference in genetic diversity existed 



between isolates from hospitalized patients and isolates from 
outpatients or recent admissions or commensal isolates, we 
determined the relationships between isolates in each category 
separately (Fig. 3). Isolates from hospitalized patients were 
indeed genetically less diverse than were isolates from the 
other two categories: in dendrograms (Fig. 3A), more than 
75% of isolates from hospitalized patients formed clusters with 
other similar isolates from such patients. In contrast, only 24% 
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FIG. 2. (A) Range of DNA fingerprints of isolates from different individuals 
in Wellington plus strain 3 153 A, which is included as a standard, and (B) 
examples of fingerprints of isolates from the same groups of genetic similarity 
(W3 and W4 from group WA and W28 and W33 from group WC) in comparison 
with fingerprints of multiple isolates from the same patient (W4 and W4.2, 
isolated on the same day from a wound and a drain site, respectively). Molecular 
sizes (MW) shown are those of the bands of standard strain 3 153 A 



of isolates from outpatients or recent admissions and only 20% 
of isolates from healthy individuals in the community formed 
clusters. Conversely, the frequency of S AB values of >0.8 (the 
threshold defining groups of similarity) was 21% among iso- 
lates from patients hospitalized for >3 days, compared with 
only 7% among isolates from outpatients or recent admissions 
and 2% among commensal isolates from healthy individuals 
(Fig. 3B). The differences in the frequency of high S AB values 
between isolates from hospitalized patients and isolates either 
from outpatients or recent admissions or from healthy individ- 
uals were statistically significant (P < 0.0010 and P < 0.0005, 
respectively, by the z test). 

We next sought to identify the group(s) of genetically similar 
strains that was being spread within the hospital. Because of 
their transmission in the hospital, these strains should occur 
more frequently in hospitalized patients than in individuals in 
the community or recent admissions. Figure 4 shows a com- 
parison of the distributions of the three main groups of similar 
strains within populations of healthy individuals in the com- 
munity, outpatients or recent admissions, and hospitalized pa- 
tients. Members of one of the clusters, WB, were isolated with 
approximately the same frequency (15 to 17%) both outside 
and within the hospital environment. Members of the cluster 
WC were in contrast isolated from only 7% of individuals 
belonging to the group of outpatients or recent admissions plus 
healthy subjects but from 38% of hospitalized patients, and this 
difference was statistically significant (z test, P < 0.005). The 
differences in the frequency of isolation of strains from cluster 
WC between hospitalized patients and either outpatients or 
recent admissions (38 versus 6%) or healthy individuals in the 
community (38 versus 10%) were also statistically significant (z 
test, P < 0.010 and P < 0.050, respectively). The presence of 
strains of this cluster was not restricted to a limited number of 
wards. The 12 hospitalized (>3 days) patients from whom WC 
strains were isolated had been admitted to 10 different wards. 




FIG. 3. Comparison of genetic diversity among groups of Wellington isolates 
from hospitalized (>3 days) patients, outpatients or recent admissions, and 
healthy individuals in the community (commensal). (A) Dendrograms of each of 
the three groups. The dashed lines mark the threshold defining groups of genetic 
similarity (S AB = 0-8); the groups are marked by bars on the right of the 
dendrogram. (B) Histograms of the distribution of S AU values among isolates 
from hospitalized (>3 days) patients, outpatients or recent admissions, and 
healthy individuals from the community. Shaded bars mark S AU values of >0.8. 



WC thus represents a widespread hospital-specific group. 
Strains belonging to the cluster WA were somewhat more 
frequently isolated from hospitalized patients (frequency of 
isolation = 19%) than from individuals outside the hospital 
(frequency of isolation = 8%), but this difference was not 
statistically significant. When individual wards were analyzed, 
it became apparent that strains of this group were found more 
often on patients from each of two of the wards than on 
individuals from the remainder of the sample. WA strains were 
isolated from 3 of 7 (or 43%) ward G patients but from only 6 
of 60 (or 10%) other individuals. WA strains were also isolated 
from 2 of 4 (or 50%) ward H patients but from only 7 of 63 (or 
11%) other individuals. The number of patients in the two 
wards was small, but the differences in frequency were statis- 
tically significant (z test, P < 0.050 and P < 0.025, respectively). 
All of the ward G and ward H patients from whom the WA 
strains were isolated had been hospitalized for more than 3 
days, with one exception: patient W132 had been admitted only 
1 day before sampling but had been previously admitted to the 
same ward only 2 weeks earlier. WA strains may thus also be 
a group that is being transmitted within the hospital, though 
only within a limited number of wards. 

We next sought to determine if isolates in any of the clusters 
WA, WB, and WC were more frequently isolated from any 
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FIG. 4. Frequency of isolation of the major groups of genetically similar 
Wellington strains, WA (□), WB (EJ), and WC (9), from hospitalized (>3 days) 
patients, outpatients or recent admissions, and healthy individuals in the com- 
munity. ■, other strains. 



subgroups of patients defined by age, gender, predisposing 
conditions, or body site of isolation, indicating adaptation of 
groups of genetically similar strains to patients with certain 
physiological or clinical features. We also tested whether any 
of the clusters were more frequently isolated from patients for 
whom clinical features of candidiasis had been reported. No 
statistically significant correlations were observed. 

Analysis of Auckland isolates. Sixty-one C. albicans isolates, 
each from a different individual, were analyzed (Fig. 5). These 
included 10 commensal isolates (labelled C in Fig. 5) and 51 
patient isolates. Of the 51 patients, 21 had been hospitalized for 
more than 3 days prior to the isolation of C. albicans (labelled 
H in Fig. 5). Twenty-six either were outpatients or had been 
hospitalized for 3 days or less (labelled OR in Fig. 5). Four 
additional patients were recent admissions but had been hos- 
pitalized within the 6 preceding months and were for that reason 
not included in the outpatient-or-recent-admission category. 

Figure 5 gives an overview of the genetic relationships 
among the 61 strains. As in Wellington, many of the strains 
were genetically dissimilar but several groups of genetic simi- 
larity were also apparent. The two largest, containing 13 and 11 
isolates, respectively, are labelled AA and AB in Fig. 5. Exam- 
ples of the actual Ca3 patterns are shown in Fig. 6. 

In contrast to the one resulting from our analysis of the 
Wellington isolates, the dendrogram in Fig. 5 does not suggest 
that isolates from hospitalized patients in Auckland were fre- 
quently derived from the main clusters of genetically similar 
strains. This impression was confirmed by the results of further 
tests which gave no indication of transmission in Auckland 
Hospital: an analysis of the genetic diversity of isolates from 
hospitalized patients, outpatients or recent admissions, and 
healthy individuals (Fig. 7) showed that isolates from hospital- 
ized patients were not less diverse than isolates from outside 
the hospital environment were. In the dendrograms in Fig. 7A, 
42% of the isolates from hospitalized patients formed clusters 
with other similar isolates compared with 69% of isolates from 
outpatients or recent admissions and 30% of commensal iso- 
lates. Conversely, the frequency of high values (>0.8) was 
9.5% among isolates from hospitalized patients, compared 



with 18% among isolates from outpatients or recent admis- 
sions and 7% among isolates from healthy individuals in the 
community. There was also no significant difference in the 
frequency with which strains from the major clusters, AA and 
AB, were encountered within and outside the hospital envi- 
ronment (Fig. 8). Likewise, no association of either group of 
strains with patients on any specific ward(s) was found. 

Hospital-specific transmission could have been masked in 
the above-described analysis by strong preferences of groups of 
genetically similar strains for particular types of patients (de- 
fined, for instance, by physiological or clinical condition) or 
body sites, regardless of hospitalization. We therefore tested 
whether either of the two large groups of genetically similar 
strains was more frequently encountered in subgroups of pa- 
tients defined by age, gender, predisposing conditions, re- 
ported clinical symptoms of candidiasis, or body site than on 
the remainder of the patients. We found the following statis- 
tically significant (z test, P < 0.05 or less) correlations. Strains 
of group AA were encountered 3.4 times more often in pa- 
tients at high risk of acquiring candidiasis (human immunode- 
ficiency virus (HlV)-positive and cancer patients), and 2.9 
times more often in the urinary tract than at other sites. Strains 
of group AB were encountered 6.4 times more often in pa- 
tients above the age of 50 than in other patients. None of these 
prevalences were higher for hospitalized patients than for out- 
patients or recent admissions, which would have indicated 
transmission in the hospital between certain patient groups. 

The prevalence of group AA strains in the urinary tract was 
actually highest outside the hospital environment, and the 
high-risk patients were almost exclusively outpatients or recent 
admissions. These two factors could thus have concealed a 
reduced genetic diversity among isolates from hospitalized pa- 
tients. We therefore repeated the comparison of genetic diver- 
sity between isolates from hospitalized and nonhospitalized 
patients with a sample of isolates from which urinary tract 
isolates and isolates from high-risk patients had been omitted. 
The results (data not shown) provided neither evidence nor 
even a trend pointing towards either reduced genetic diversity 
among isolates from hospitalized patients or an increased fre- 
quency of the remaining cluster AA and cluster AB isolates in 
hospitalized patients — again providing no indication of hospi- 
tal-associated transmission. 

Whereas the above-described analyses yielded no indication 
of transmission in Auckland Hospital, they did highlight some 
differences between the strains isolated from patients and 
those isolated from healthy individuals. The level of genetic 
diversity of strains from outpatients or recent admissions was 
significantly lower (z test, P < 0.025) than was that of strains 
from healthy individuals (18 versus 7% of S^ values of ^0.8). 
In addition, strains from groups AA and AB were isolated 
from 14 and 24% of hospitalized (>3 days) patients, respec- 
tively, and from 34 and 23% of outpatients or recent admis- 
sions but were not isolated from any of the 10 healthy individ- 
uals. With the exception of the difference in frequency of 
isolation of AA strains between hospitalized patients and 
healthy individuals, all these differences were statistically sig- 
nificant (z test, P < 0.050 or less). The populations of strains 
found in both outpatients or recent admissions and hospital- 
ized patients were thus not identical to the population of com- 
mensal strains in healthy individuals. 

DISCUSSION 

It was the aim of this study to assess whether G albicans 
strains can be transmitted to patients within the hospital envi- 
ronment by using a retrospective comparison of isolates ob- 
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FIG. 5. Genetic relationships among all Auckland isolates determined on the basis of the similarity of their Ca3 fingerprints. The dashed line in the dendrogram 
denotes the threshold S AM value of 0.8 for defining groups of genetic similarity. The two largest groups of genetically similar isolates, AA and AB, are marked on the 
right of the dendrogram. Following the name of each isolate is information on the duration of hospitalization of the patient (column labelled hsp; H, hospitalized for 
>3 days; OR, outpatient or recent admission; -. recent admission who was hospitalized previously; C, individual in the community (commensal isolate]), the wards to 
which patients had been admitted (column labelled wrd), the clinical status indicating conditions predisposing the patient to candidiasis (column labelled pc; ab, 
antibiotics; as, asthma; ca, catheterization; di; diabetes; ec, eczema; ic, immunocompromised by HIV, leukemia, or cancer or cancer treatments; pe; pleural effusion; 
su, surgery; wd, wound. Asterisks denote patients for whom clinical symptoms indicating candidiasis were reported), sex, age (O, >50 years; Y, <2 years; blank cells, 
2 to 50 years), and body site or material from which the isolate was obtained (column labelled loc; an, anus; as, aspirate; ca, catheter, dr, drain; hp, hip; or, oral cavity; 
sk, skin, including wounds; sp, sputum; ur, urine). 



tained from patients who had been hospitalized for different 
lengths of time. In one of two hospitals surveyed (Wellington 
Hospital), the majority of isolates obtained from patients after 
prolonged hospitalization was derived from a limited number 
of groups of genetically similar strains. Strains from outpa- 
tients or recent admissions and healthy individuals were, in 
contrast, significantly more dissimilar to each other, i.e., genet- 
ically more diverse. We identified two groups of genetically 



similar strains which were significantly more prevalent in pa- 
tients after prolonged hospitalization, one (WC) found in pa- 
tients from a large number of different wards and one (WA) 
found in patients from two specific wards. No other patient 
characteristics, such as sex, age, or physiological or clinical 
state, were correlated with the increased prevalence of these 
clusters. These observations thus indicate that in Wellington 
Hospital, hospitalization led to the frequent replacement of 
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FIG. 6. Range of DNA fingerprints of isolates from different individuals in 
Auckland plus strain 31 53 A, which is included as a standard. Molecular sizes 
(MW) shown are those of the bands of standard strain 3153A. 



patients' strains with strains acquired in the hospital environ- 
ment and therefore provide evidence (albeit indirectly) for 
nosocomial transmission of C. albicans. 

The fact that our evidence indicates transmission of groups 
of similar strains rather than of a single strain allows some 
conclusions to be drawn regarding the possible scenario un- 
derlying these transmissions. It seems likely that the progeni- 
tors of the two groups of strains transmitted became estab- 
lished in the hospital in the past and that their progeny have 
since evolved while spreading throughout the hospital environ- 
ment; such spread may involve not only contact between hu- 
man hosts but also inanimate surfaces and food (21). We are 
now in the process of identifying the reservoirs of these strains 
and vehicles of their transmission in the hospital environment 
Our findings also suggest one reason why previous attempts to 
demonstrate nosocomial transmission of C. albicans have 
yielded inconclusive results (5). Since the methods employed 
lacked the capability to group strains according to their simi- 
larity, they could have detected only single-strain transmission 
and not transmission of groups of genetically similar strains. 

In the second hospital studied (Auckland Hospital), we 
found no indications of nosocomial transmission of C. albicans. 
We emphasize that this does not imply that compromised 
patients in this hospital always retained their commensal 
strains. The frequency of the major groups of strains, AA and 
AB, in patients (both hospitalized patients and outpatients or 
recent admissions) was higher than their frequency in healthy 
individuals. In addition, the level of genetic diversity of patient 
isolates was lower than that of commensal isolates. These dif- 
ferences indicate that commensal strains had been replaced 
but that replacement had occurred regardless of hospitaliza- 
tion, implicating the community as the source of the replacing 
strains. This assumption is corroborated by the results of an 
earlier study in which we demonstrated strain replacement in 
nonhospitalized AIDS patients (13). The design of the present 
study did not allow us to determine when strain replacement in 
hospitalized patients took place. On the basis of our earlier 
work (13), it seems likely that replacement may have occurred 




FIG. 7. Comparison of genetic diversity among groups of Auckland isolates 
from hospitalized (>3 days) patients, outpatients or recent admissions, and 
healthy individuals in the community (commensal). (A) Dendrograms for each of 
the three groups. The dashed lines mark the threshold defining groups of genetic 
similarity (S AO = 0.8); the groups are marked by bars on the right of the 
dendrograms. (B) Histograms of the distribution of S AB values among isolates 
from hospitalized (>3 days) patients, outpatients or recent admissions, and 
healthy individuals from the community. Shaded bars mark S AB values of >0.8. 



prior to the patients* hospitalization. Certain groups of replac- 
ing strains were found more frequently on patients with par- 
ticular characteristics, regardless of whether the patients were 
hospitalized: group AA preferably associated with high-risk 
patients and patients with urinary tract disorders, and group 
AB preferably associated with patients older than 50 years. 
This, in turn, raises the possibility of specific adaptation of 
groups of strains towards colonization of certain types of pa- 
tients. However, in a combined analysis of isolates from a 
number of New Zealand hospitals these strains grouped to- 
gether with strains from other centers showing no such pref- 
erences (12). This makes it more likely that the preferred 
association of the Auckland groups with certain types of pa- 
tients was based on routes of transmission existing within these 
patient populations. 

The observation that nosocomial transmission of C. albicans 
apparently occurs only in some hospitals and not in others 
raises questions as to the reasons for these differences. One 
possible explanation would be that the groups of strains trans- 
mitted in Wellington Hospital were genetically well adapted to 
survival in the hospital environment and that strains with such 
capabilities were not present in Auckland. This appears un- 
likely because in a combined Ca3 analysis of isolates from 
several hospitals in New Zealand (12), we found that the 
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FIG. 8. Frequency of isolation of the major groups of genetically similar 
Auckland strains, AA (□) and AB (E3), from hospitalized (>3 days) patients, 
outpatients or recent admissions, and healthy individuals in the community 
(commensal), ■, other strains. 



strains transmitted in Wellington (groups WA and WC) 
formed clusters of genetic similarity with Auckland strains 
belonging to groups AA and AB. Further studies will be re- 
quired to assess which epidemiological factors may be respon- 
sible for the observed differences in the frequency of transmis- 
sion between the two hospitals. 

In addition to providing evidence for nosocomial G albicans 
transmission, the results of this study suggest potential appli- 
cations for Ca3 fingerprinting in preventing candidiasis out- 
breaks. Because of the high resolution of Ca3 fingerprinting, 
occasional spot testing of fairly small numbers of select isolates 
submitted to the clinical laboratory is apparently sufficient to 
determine whether transmission of C albicans occurs in a 
given hospital, even in the absence of an obvious outbreak 
situation. Ca3 fingerprinting is thus a sensitive first screen for 
the detection of nosocomial transmission of G albicans, and if 
the fingerprinting analyses were contracted out to laboratories 
in which the methodology is established, such screens would 
also be rapid and inexpensive. In instances in which such a spot 
test indicated transmission, the method could potentially be 
utilized to track reservoirs and routes of transmission by sam- 
pling of the hospital environment and caregivers. This may 
enable a hospital to eliminate such routes before they become 
the means of transmission of highly virulent strains causing 
single-strain outbreaks. 
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Section V. Laboratory Tests in Chemotherapy 

Chapter 41 
General Considerations 

JOHN C. SHERRIS and JOHN A. WASHINGTON II 



A number of considerations are involved in 
selecting an appropriate antimicrobic to treat an 
infection. (The term antimicrobic is used in this 
section to describe both antibiotics and chemo- 
therapeutics.) These include: (i) knowledge of 
the inherent in vitro susceptibility of the infect- 
ing organism to appropriate antimicrobics; (ii) 
the relationship of the susceptibility of the strain 
to that of other members of the same species; 

(iii) pharmacological properties including toxic- 
ity, protein binding, distribution, absorption, and 
excretion, particularly under circumstances of 
existing or developing hepatic or renal failure; 

(iv) previous clinical experience of efficacy in 
treating infections due to the same species; (v) 
the nature of the underlying pathological proc- 
ess, its natural history, and its influence on 
chemotherapy; and (vi) the immune status of 
the host. 

Of these factors, the concentrations of anti- 
microbic required to inhibit or kill organisms in 
vitro and those attained in body fluids during 
treatment are subject to direct measurement in 
the clinical laboratory. The purpose of this sec- 
tion of the manual is to provide detailed descrip- 
tions of appropriate procedures for these pur- 
poses. The susceptibility methods described are 
for use with bacteria other than mycobacteria, 
which are separately considered in Chapter 14. 

The role of the laboratory in the selection and 
monitoring of chemotherapy was succinctly ex- 
pressed by Theodore G. Anderson in the first 
edition of this manual: "When selecting an an- 
timicrobial agent for therapy, it is the physician's 
responsibility to take into consideration the 
pharmacological characteristics of the several 
drugs as well as their relative antimicrobial ef- 
fectiveness. The responsibility of the laboratory 
is to provide information through standardized 
in vitro tests, of the activity of appropriate an- 
timicrobial agents against the organism in ques- 
tion." The methods given in the subsequent 
chapters constitute accepted approaches among 
the authors providing this information. Different 
procedures have been developed by others in a 



number of countries, and the reader is referred 
to more detailed reviews for further information 
and for broader consideration of the theory of 
the subject (1, 2, 4, 5, 8, 10, 13-17). 

ANTIMICROBIAL SUSCEPTIBILITY 
TESTING 

Influence of technical variation on 
susceptibility test results 

The results of both dilution and diffusion sus- 
ceptibility tests may be influenced markedly by 
the reagents and conditions of the tests, and 
these variables have been the source of consid- 
erable confusion in the past. Inoculum density is 
especially important. In addition, incubation 
time and temperature, pH, atmosphere, and sta- 
bility of antimicrobics may all influence the end- 
points obtained. Differences in constituents or 
ionic content of the medium, even between 
batches, may influence results of tests, particu- 
larly with the sulfonamides, tetracyclines, poly- 
myxins, and aminoglycosides. In addition, dif- 
fusion tests are influenced by the growth rate of 
the organism and by the type, depth, and con- 
centration of the agar used. For these reasons, 
special emphasis has been placed on reference 
procedures and methodological standardization 
(4, 6, 7, 11, 12, 19, 20), because only in this way 
can adequate reproducibility be obtained in in- 
vestigative and clinical work. 

In each of the susceptibility tests described, 
the inoculum is derived from several colonies. 
This is designed to reduce the chance of selecting 
variants derived from loss-mutations (e.g., loss 
of penicillinase production in staphylococci) or 
segregants from R-factor resistance markers. It 
also increases the chance of including represent- 
atives of the more resistant organism if more 
than one strain is represented by colonies that 
cannot be distinguished morphologically. The 
final inocula are reasonably heavy, which in- 
creases the chance of detecting high-frequency 
mutations to resistance and heteroresistant 
strains. The media selected show generally good 
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buffering qualities and reproducibility and are of 
physiological pH. A central criterion of the con- 
ditions to be used in effective diffusion, dilution, 
or automated tests is that they must be able to 
detect strains carrying clinically important re- 
sistance determinants. 

Selection of susceptibility tests methods 

Diffusion test. The most widely used proce- 
dure is still the disk diffusion method, described 
in Chapter 44, which has been accepted by the 
Food and Drug Administration (FDA) (6, 7) and 
as a standard by the National Committee on 
Clinical Laboratory Standards (NCCLS) (11). 
This procedure, as normally used, is essentially 
a qualitative test which allocates organisms to 
the sensitive (susceptible), intermediate (or in- 
determinate), or resistant categories discussed 
below. The procedure is flexible in regard to the 
antimicrobics that can be tested, and it is easy 
to set up individual tests at different times. It is 
technically simple, although it requires careful 
attention to detail. It is generally applicable to 
organisms whose growth rate approximates 
those of the members of the Enterobacteriaceae 
family and Staphylococcus aureus, and the pro- 
cedure has now also been adapted to detect 
penicillinase-producing strains of Haemophilus 
influenzae and Neisseria gonorrhoeae, and 
strains of pneumococci that have developed in- 
creased resistance to penicillin and some other 
antibiotics (see Chapter 44). In cases of clinical 
urgency, clinical material may serve as the in- 
oculum for the test if the precautions indicated 
in Chapter 44 are followed. More experience has 
been gained over the years with this diffusion 
procedure than with any other test. 

The deficiencies of the diffusion test are its 
nonquantitative interpretation, its inapplicabil- 
ity to many slow- growing organisms and anaer- 
obes, and its inaccuracy in predicting suscepti- 
bility (as opposed to resistance) with antimicro- 
bics, exemplified by the polymyxins, that diffuse 
poorly. Overall, however, it is an effective pro- 
cedure for most routine tests but requires sup- 
plementation with a dilution test in situations 
when it is inapplicable or when more quantita- 
tive results are needed. 

Dilution test. The most quantitative method 
for antimicrobial susceptibility testing is one of 
the dilution tests (considered in Chapters 42, 43, 
and 47) which are derived from the International 
Collaborative Study recommendations (4) or 
from proposed NCCLS standards. These yield 
direct quantitative results, are essentially unin- 
fluenced by the growth rate of the organism, and 
avoid some of the complexities of diffusion prop- 
erties of antimicrobics. Dilution tests do not 



have the flexibility of the diffusion test, generally 
cannot be used for direct tests of clinical material 
because of the difficulty in detecting contami- 
nation, and, if reported quantitatively, require 
that the clinician be able to interpret the result 
or be helped in doing so. 

The primary indication for dilution tests is to 
obtain quantitative susceptibility data when 
these are important or necessary for proper man- 
agement of antimicrobial therapy. Although 
qualitative data are usually adequate for guiding 
the therapy of most infections, quantitative in- 
formation may be needed when drug dosage 
schedules and serum levels must be closely mon- 
itored or under the conditions in which disk test 
results are inapplicable, equivocal, or unreliable. 
These conditions include tests on slow-growing 
organisms, confirmation of susceptibility (as op- 
posed to resistance) to the polymyxins (B or E), 
confirmation of resistance to the aminoglyco- 
sides (particularly gentamicin, tobramycin, and 
amikacin), and tests with potentially toxic but 
clinically useful antimicrobics which yield inter- 
mediately susceptible results by the disk test. 
Infections due to microorganisms which are ca- 
tegorized by the disk test as resistant or inter- 
mediate to the relatively nontoxic penicillins and 
cephalosporins may occasionally be treated pref- 
erentially and safely with large doses of one of 
these agents. Some urinary tract infections may 
respond to ordinary dosages of some antimicro- 
bics because of the high levels which they attain 
in the urine. In these cases, the precise degree of 
susceptibility of an organism may influence the 
choice of antimicrobic, its dosage, and its route 
of adniinistration. Other indications for dilution 
methods are for testing the susceptibilities of 
anaerobes by the methods described in Chapter 
45 and for determining bactericidal activity or 
evidence of synergism or antagonism between 
antimicrobics against particular microorgan- 
isms. These procedures are considered in Chap- 
ter 46. Finally, dilution tests have been found to 
be practical and economical for routine purposes 
through the use of semiautomated microdilution 
techniques (see Chapter 43) or replica-plating 
agar dilution methods (see Chapter 42). 

Any laboratory that intends to use the dilution 
test routinely and to prepare its own reagents 
and antibiotic dilutions must have the ability to 
prepare and maintain fully potent stock solu- 
tions of antimicrobic and to produce working 
dilutions on a regular basis. As with all suscep- 
tibility tests, the laboratory must control inocu- 
lum size and endpoint reading and must develop 
or use a quality control system that will give 
endpoints within the range of each series of 
antimicrobic dilutions. Recent data from profi- 
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ciency testing surveys show rather wide varia- 
tion in quantitative results on the same strain 
tested in different laboratories by a variety of 
dilution procedures and schedules. Interlabora- 
tory reproducibility is much better when well- 
controlled prediluted commercial systems are 
used, and similar improvement can be expected 
if the protocols used in Chapters 42 and 43 are 
followed. 

Routine use of dilution procedures that do not 
use preprepared commercial plates is most ap- 
propriate for larger laboratories where there is 
sufficient skilled technical help to ensure repro- 
ducibility. Preprepared systems, when ade- 
quately controlled, are applicable to smaller lab- 
oratories. 

Tests for antimicrobic inactivating en- 
zymes. In some instances, resistant strains of 
bacteria among originally susceptible species 
owe their resistance exclusively to their ability 
to destroy or inactivate particular antibiotics. 
This is the case with penicillin and ampicillin 
resistance of strains of Staphylococcus aureus, 
Haemophilus influenzae, and Neisseria gonor- 
rhoeae that produce peniciUinase. These can be 
detected rapidly and accurately with simple 
chemical procedures for detection of the enzyme 
(18), and results are available much more rapidly 
than those of orthodox susceptibility tests. Pro- 
cedures for this purpose are described in Chapter 
46 

Automated tests. Recently, a variety of 
mechanized or automated procedures have been 
developed for susceptibility testing, and these 
are considered in Chapter 48. Some facilitate the 
performance and reading of traditional over- 
night susceptibility tests. Others are designed to 
yield qualitative or limited quantitative results 
on the same day that the test is set up. Several 
of these procedures have already been evaluated 
by collaborative studies and have been shown to 
have a high degree of reproducibility. However, 
comparability of procedures providing rapid re- 
sults with overnight dilution or diffusion tests 
has been more difficult to achieve with a few 
organism-antimicrobic combinations because 
the extent of inhibition of growth in the first few 
hours of contact may differ from that seen after 
overnight incubation. Most of these difficulties 
are being overcome by the use of heavier inocula 
or computer analyses of growth patterns in the 
presence of one or more concentrations of anti- 
microbic. These approaches are discussed in 
more detail in Chapter 48. Suffice it to say that 
automated methods have already been shown to 
have a place in routine work of larger laborato- 
ries when their limitations are recognized and 
avoided by using a traditional test on organism- 
antimicrobic combinations for which the auto- 
mated test is inappropriate. 



Interpretation of susceptibility tests: 
"susceptibility" and "resistance" 

The interpretation of a quantitative suscepti- 
bility test result has three major components. 

1. The relationship of the MIC (minimal in- 
hibitory concentration) orMLC (minimal lethal 
concentration) of the organism to the concen- 
tration of antimicrobic in the blood, or in some 
cases urine or other fluid, obtained with the 
dosage given. This has proved a clinically useful 
approach, but is inevitably an incomplete model 
of the in vivo situation because of the varying 
degrees of protein binding, the interacting effects 
of host defense mechanisms, and the arbitrary 
aspects of the selection of test conditions. 

2. The relationship of the susceptibility of the 
strain under test to that of other members of the 
same species. This is useful because the selection 
of resistant mutants or strains with extrachro- 
mosomal determinants of resistance has led to 
the appearance of populations of strains of some 
species well separated from the "wild" types that 
were previously uniformly susceptible to the an- 
timicrobic. The resulting bimodal distribution of 
susceptibilities correlates well with clinical re- 
sponsiveness. Thus, a strain falling m the more 
resistant population is considered a prion a re- 
sistant member of that species. 

3. Clinical experience with the treatment of 
the particular type of infection involved. An 
ideal interpretation of susceptibility test results 
takes account of these factors independently. 
From a practical point of view, organisms are 
frequently allocated to predetermined "suscep- 
tible " "resistant," and one or more "intermedi- 
ate" categories, and this approach was consid- 
ered by the International Collaborative Study to 
continue to be useful and necessary in the light 
of presently available technical methods and 
general understanding of the principles of 
chemotherapy (4). The three categories recom- 
mended for the diffusion test given m Chapter 
44 have been based on the synthesis of the first 
two criteria given above. They have been defined 
(11) as: (i) susceptible (or sensitive), implying 
that an infection due to the strain tested may be 
appropriately treated with the antimicrobics and 
dosages recommended for that type of infection 
and infecting species, unless otherwise contrain- 
dicated; (ii) resistant, containing strains not 
completely inhibited within the usual therapeu- 
tic dosage range; and (iii) intermediate, compris- 
ing a "buffer zone" which prevents major inter- 
pretative discrepancies that might result from 
small uncontrolled technical factors. The last 
category also includes strains which may re- 
spond to concentrations attainable by unusually 
high dosage or in areas, such as portions of the 
urinary tract, where the antimicrobic is concen- 
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trated. The clinical extrapolations of these cat- 
egories are, of course, subject to the considera- 
tions given in the first paragraph of this chapter. 

This three-category system requires qualifi- 
cation in that it does not consider the blood 
levels that may be attained with very high dos- 
ages of the relatively nontoxic penicillins and 
cephalosporins, the high urine levels of certain 
antimicrobials, or the low blood levels achieved 
with oral as opposed to parenteral dosage of 
certain antimicrobics. Thus, it is important to 
recognize the need for quantitative data in spe- 
cial cases. 



Indications for susceptibility tests in the 
clinical laboratory 

Tests are indicated for organisms contributing 
to the infectious process whose susceptibility 
cannot be predicted from knowledge of their 
identity. This applies, in particular, to S. aureus, 
to gram-negative enteric organisms, to some an- 
aerobes, and to unusual and opportunistic spe- 
cies playing a pathogenic role. Specific patterns 
of susceptibility (antibiogram) may be charac- 
teristic of a species and may, therefore, assist in 
correct species allocation. Antibiograms may be 
determined for epidemiological reasons because 
the occurrence of an unusual antibiogram for a 
given species often assists in the recognition of 
common-source outbreaks and patterns of cross- 
infection. 

Routine susceptibility tests are not needed 
when resistance has not been described to the 
antimicrobic of choice, e.g., Streptococcus py- 
ogenes and Neisseria meningitidis to penicillin. 
However, this situation needs to be reviewed 
constantly, because the recent emergence of /?- 
1 lactamase-producing strains of H. influenzae 
and N. gonorrhoeae (3) and of pneumococci 
resistant to penicillin and other antibiotics (9) 
has changed the requirements for testing among 
these species. Susceptibility testing should be 
avoided on members of the normal flora in their 
normal habitat and on organisms that are known 
not to be playing a pathogenic role. To make 
such tests is both wasteful and misleading. The 
routine diffusion susceptibility test described in 
Chapter 44 should never be made on organisms 
for which its interpretative criteria are inap- 
plicable (e.g., slow growers or anaerobes). 

Selection of antimicrobics for testing 

For routine susceptibility testing, single rep- 
resentatives of a group of related antimicrobics 
are used whenever possible, and the FDA has 
recognized specific class disks for many antimi- 
crobic groups for use in the diffusion test (see 
Chapter 44). However, there are sufficient dif- 
ferences in the spectra of activity, or mecha- 
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nisms of resistance, among certain penicillins, 
cephalosporins, and aminoglycosides that more 
than one representative member of each of these 
groups needs to be tested. The selection of an- 
timicrobics to be tested should also be limited 
to those that are clinically useful and appropri- 
ate for the site of infection, except when the 
procedure is being used to determine antibio- 
grams for epidemiological purposes or when par- 
ticular antimicrobics yield taxonomically useful 
information. For example, tests with nitrofur- 
antoin and nahdixic acid should be limited to 
bacteria isolated from the urinary tract, and 
tests of the combination of trimethoprim and 
sulfamethoxazole should be limited to organisms 
causing urinary tract infections or otitis media, 
which are presently the only approved uses of 
this combination in the United States. Tests 
with methenamine mandelate should not be per- 
formed because its in vivo activity depends on 
urinary acidification to a pH of 5.0 or less, and 
this condition is not reproduced in the ordinary 
test systems. 

The antimicrobics listed in Table 1 should 
fulfill the basic requirements for routine tests in 
most clinical laboratories, for aerobic and facul- 
tatively anaerobic bacteria, and the list conforms 
closely to NCCLS recommendations. Additional 
antimicrobics may be added as noted in the 
footnotes to Table 1, when needed for special 
problems of the individual patient, or to take 
account of local preference or rules. Antimicro- 
bics appropriate for testing anaerobes are con- 
sidered in Chapter 45. To avoid confusion, re- 
sults and tests on antimicrobics that are inap- 
propriate in therapy and that are tested for 
epidemiological or taxonomic purposes should 
not be reported to the physician. 

A decision to include a new antimicrobic in 
the basic test set of a routine laboratory should 
be based on (i) the use of the antimicrobic having 
been approved by the FDA or its equivalent, (ii) 
an activity spectrum differing significantly from 
presently used analogs, (iii) readily available 
information on its clinical pharmacology, (iv) 
the availability of weD-documented and FDA- 
approved zone diameter interpretative criteria 
in the case of disks for diffusion testing, and (v) 
a clear clinical need for its introduction. 



SPECIAL TESTS AND ASSAYS 
Susceptibility tests make up the bulk of the 
clinical laboratory tests which are ordered to 
assist the clinician in his choice of chemothera- 
peutics. They may need to be supplemented 
with other procedures in certain complex clinical 
situations, especially in subacute bacterial en- 
docarditis and in severe infections in the immu- 
nologically compromised. In these cases, deter- 
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Table 1. 

Basic sets of antimicrobics to be tested routinely against rapidly growing aerobic and facultatively 

anaerobic bacteria 0 



Antimicrobics 



Staphylococci 
and streptococci 



Enterococci 



Enteric gram-negative bacilli 
other than P. aeruginosa 



P. aeruginosa 



Urinary 



Other 



Penicillins 

Ampicillin 

Carbenicillin 

Nafcillin, oxacillin, or 
methicillin 6 

Penicillin G 
Cephalosporins 

Cefamandole 

Cefoxitin 

Cephalothin 
Chloramphenicol 
Clindamycin 
Erythromycin 
Aminoglycosides 

Amikacin 

Gentamicin 

Kanamycin 

Tobramycin 
Polymyxin B or E 
Tetracycline 
Vancomycin 
Urinary tract agents 

Nalidixic acid 

Nitrofurantoin 

Sulfonamides 

S ulf ame thoxazole/ tri- 
methoprim 



r 

1 



r 
r 
i 

2 



"1 = Primary set; 2 = secondary drugs. 

6 Oxacillin or nafcillin is preferable for detecting heteroresistant methicillin-resistant S. aureus. 
c Cefamandole and cefoxitin may be reserved for testing cephalothin-resistant organisms only. 



mination of bactericidal concentrations or of the 
effect of combinations of antimicrobics may need 
to be measured. Direct tests of the ability of the 
antimicrobic in the patient'sserum to inhibit or 
kill the infecting organism may also be helpful 
in monitoring the adequacy of dosage schedules 
(see Chapter 46). So far, there is still no general 
agreement on methods for determining minimal 
lethal (bactericidal) concentrations, studying an- 
timicrobic combinations, or determining serum 
inhibitory or bactericidal activity against the 
infecting organisms. The procedures given 
should continue to serve as a basis for further 
studies towards methodological standardization 
of these important tests. 

Increasingly, it is necessary to determine the 
amount of antimicrobic present in serum, urine, 
other fluids, or tissues. In clinical practice, this 
applies particularly to agents such as gentami- 
cin, tobramycin, and amikacin, for which poten- 
tially toxic levels and therapeutic levels are very 
. close. Serum assays are thus required to ensure 
that antimicrobic concentrations in the blood 



are within a safe, but effective, range. This is 
particularly the case in patients with renal defi- 
cit, in whom serum levels of antimicrobic may 
be less predictable. Simple, rapid, and accurate 
methods for this procedure are given in Chapter 
47. 

FUTURE NEEDS 

Since the last edition of this manual, an 
NCCLS standard for diffusion susceptibility 
tests has been published and an updated revision 
has recently appeared (11). A standard for an- 
aerobic susceptibility testing (12) has also been 
published, and one for dilution tests is in the 
final stages of preparation. These provide refer- 
ence points for clinical, epidemiological, and re- 
search studies. Concurrently, quality control val- 
ues for standard strains have been developed 
and updated to include new antimicrobics. Ma- 
jor proficiency testing programs for susceptibil- 
ity test results are now operating through the 
Center for Disease Control and the College of 
American Pathologists. Thus, the background 
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for improvement of susceptibility test proce- 
dures to give greater accuracy and better inter- 
laboratory reproducibility has been laid. It is 
especially important that mechanisms be main- 
tained for regular updating of reference proce- 
dures, interpretative standards for new antimi- 
crobics, recommendations for basic routine sets 
of antimicrobics for testing, and data on per- 
formance of quality control strains. Supplements 
providing such data are planned by the NCCLS. 

Developments in mechanization and commer- 
cially available test kits have now brought the 
capacity for quantitative susceptibility testing 
even to small laboratories, and this trend is 
likely to continue. Automated procedures that 
yield rapid results and can be directly interfaced 
with computer reporting systems are already 
available, and more can be expected to be de- 
veloped. There is a clear need for agreement on 
evaluative protocols by which the relationship 
between the performance of new systems and 
reference procedures can be assessed and for 
definitions of acceptable performance. Potential 
purchasers need access to such data before de- 
ciding whether to incorporate a system into their 
routine work. 

Media used for susceptibility testing remain a 
problem. Performance standards for commer- 
cially produced Mueller- Hinton media are 
needed for application at the manufacturer's 
level. For instance, it has become increasingly 
apparent that there are variations in perform- 
ance of Pseudomonas aeruginosa with the 
newer aminoglycoside antimicrobics when 
tested with different methods and with batches 
of media from the same or different manufac- 
turers, resulting in MICs ranging over several 
dilution steps. This has caused problems of in- 
terpretation that can only be resolved by per- 
formance control at the manufacturer's level. 
With the wider acceptance of reference proce- 
dures, there is need for a review of qualitative 
interpretative categories used in diffusion and in 
some dilution and automated procedures. The 
boundaries of interpretative categories have in- 
volved some best- judgement types of decisions 
and subjective clinical experience. Moreover, 
validation of categories by detailed clinical stud- 
ies has been made difficult in the past by inad- 
equate methodological standardization. This 
should now be possible, particularly with new 
antimicrobics. 

Methodological agreement is needed on tech- 
niques for determining bactericidal endpoints, 
for measurements of the effects of combmations, 
and for performing serum inhibitory or bacteri- 
cidal tests. In the absence of standardized meth- 
ods or reference procedures, results from differ- 
ent laboratories cannot be compared with con- 
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fidence, and an adequate base of experience has 
not been developed for fully satisfactory inter- 
pretation of the results. For all of these proce- 
dures, the kinetics of microbial killing by anti- 
microbics make it essential that statistical end- 
points be accepted, such as those recommended 
in Chapter 46. 

In summary, we may reasonably look forward 
to improved performance of media and of pro- 
cedures for orthodox susceptibility tests, to im- 
provements in selecting and disseminating inter- 
pretative recommendations, and to improved 
quality control. Beyond that, rapid automated 
or semiautomated procedures for susceptibility 
testing are coming into use and should result in 
better reproducibility through elimination of 
many sources of technical error. There continues 
to be a need for reference or agreed procedures 
for detennining lethal endpoints, interactions of 
combinations, and bactericidal activities of se- 
rum so that interpretations of the results of these 
tests can be refined through cumulative experi- 
ence. These developments should increase the 
usefulness of laboratory procedures in the selec- 
tion and monitoring of chemotherapy, 
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Six separate human immunodeficiency virus-positive patients with cryptococcal meningitis were each found 
to have been infected with a unique strain of Cryptococcus neoformans on the basis of genomic DNA finger- 
printing analysis with the microsatellite sequence-containing oligonucleotide probe (GGAT) 4 and by random 
amplification of polymorphic DNA. Two patients (A and B) experienced a recurrent episode of infection. Between 
12 and 16 single-colony isolates recovered from primary isolation media (>50% of C neoformans colonies 
recovered) from cerebrospinal fluid specimens were fingerprinted from both patients during each episode. The 
fingerprints of both isolate collections from patient B were very similar, although minor polymorphisms were 
evident in both sets of profiles. The fingerprints of the isolate collection from the initial episode of infection in 
patient A were also identical to each other, apart from minor polymorphisms, but they were clearly different 
from the corresponding profiles of the isolate collection from the recurrent episode, the latter of which were 
completely identical, apart from minor polymorphisms in a single isolate. Furthermore, prolonged storage and 
in vitro subculture of the isolates did not alter the fingerprint profiles. These results provided convincing 
evidence that patients A and B were each infected with a single C. neoformans strain during each episode of 
infection and that in patient B, the same strain persisted and caused both episodes, while in patient A, a 
different strain was responsible for each episode. The prevalence of polymorphisms in multiple single-colony 
isolates from both patients also suggested that C. neoformans populations may undergo microevolution. 



Cryptococcus neoformans is an encapsulated basidiomycet- 
ous yeast species which occurs naturally in the environment 
and is frequently associated with pigeon droppings and soil 
contaminated with avian guano (11). Under most circum- 
stances, inhalation of this organism fails to cause symptomatic 
infection (14). However, in 5 to 10% of individuals with AIDS, 
severe life-threatening disease in the form of meningoenceph- 
alitis can occur (6). The vast majority of the isolates responsi- 
ble for these infections are C. neoformans var. neoformans 
serotype A (10). 

Because of the perceived importance of these organisms as 
human pathogens, the species has been subjected to intense 
study during the last decade. In this regard, the recent devel- 
opment and application of techniques designed to differentiate 
between individual isolates are of particular relevance because 
of the high incidence of recurrent cryptococcal infections in 
AIDS patients once antifungal therapy has ceased (20). In 
order to design effective antifungal drug treatment regimens, it 
is important to determine if recurrent disease is the result of 
reinfection with the original strain or infection with a novel 
strain. Unfortunately, individual strains of C. neoformans are 
morphologically and physiologically indistinguishable, and iso- 
lates of C. neoformans var. neoformans can only be divided into 
three serotypes (serotypes A, D, and A-D) (9). Consequently, 
techniques used in the epidemiological analysis of these organ- 
isms have concentrated on detecting genetic differences be- 
tween individual isolates. To date, a wide variety of molecular 
typing systems have been applied to C. neoformans epidemiol- 
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ogy, including electrophoretic karyotyping (17, 19), PCR fin- 
gerprinting (13), random amplified polymorphic DNA 
(RAPD) analysis (2, 8), multilocus enzyme typing (1, 2), allelic 
variation of the URA5 locus (3, 5), and DNA fingerprinting 
with (i) genomic DNA probes (5, 18, 22, 23, 26, 27), (ii) mito- 
chondrial DNA probes (25), and (iii) oligonucleotide probes 
homologous to microsatellite sequences (8). The general con- 
sensus from many of these studies is that C. neoformans strains 
exhibit considerable genetic heterogeneity and that recurrent 
infections are apparently due to the persistence of the original 
infecting strain (17, 22, 23). However, a recent study by Haynes 
et al. (8) indicated, on the basis of oligonucleotide and RAPD 
fingerprint analysis of genomic DNA, that in two patients 
(from five examined in total), recurrent infections may have 
been due to reinfection with a novel strain. In addition, this 
study indicated that one patient was coinfected with more than 
one strain during a single episode of infection. These data have 
aroused some controversy (4), and their clinical implications 
are of sufficient importance to warrant the analysis of addi- 
tional cases of recurrent C. neoformans infection in order to 
confirm unequivocally that reinfection with novel strains may 
occur. The purpose of this study was to corroborate these 
earlier findings by analyzing multiple single-colony isolates re- 
covered from patients during two recurrent episodes of men- 
ingitis and to determine the extent of genetic diversity within 
phenotypically homogeneous populations of C. neoformans re- 
covered from the same clinical specimen. 

MATERIALS AND METHODS 

C. neoformans isolates. C. neoformans isolates were recovered from six human 
immunodeficiency virus- infected individuals with cryptococcal meningitis at The 
Chelsea and Westminster Hospital, London, United Kingdom, between January 
1994 and April 1995. In the case of four of these patients, C. neoformans isolates 
were recovered from a single episode of infection. The remaining two patients, 
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both of whom were homosexual males with AIDS, experienced two successive 
episodes of meningitis. These two patients, termed A and B, respectively, pre- 
sented with the classical symptoms of cryptococcal meningitis for the first time in 
November 1994, and in both cases, C. neoformans was isolated by plating of 
aliquots of cerebrospinal fluid (CSF) on Sabouraud's agar. After treatment with 
0.6 to 0.7 mg of amphotericin B kg" 1 day -1 for 2 to 4 weeks, both patients made 
a complete clinical recovery. Thereafter, each patient received 200 to 400 mg of 
fluconazole day -1 on an ongoing basis. However, clinical symptoms of meningitis 
reappeared in patient A in April 1995 and in patient B in March 1995, and in 
both cases, C. neoformans was again isolated from CSF samples. The time 
intervals between the initial and recurrent isolation of C. neoformans from 
patients A and B were 158 and 112 days, respectively. No additional specimens 
were taken from either patient during the symptom-free period between epi- 
sodes of meningitis. Isolates were recovered on Sabouraud's agar after incuba- 
tion at 37°C for 48 h and subcultured on fresh media prior to identification with 
the API ID 32C Yeast Identification System (bioMeneux, Marcy l'Etoile, 
France) and urea assimilation. Each isolate was stored in Protect cryo-storage 
vials (STC, Heywood, Lancashire, United Kingdom) at -20°C prior to detailed 
analysis. The CSF specimens from the initial and recurrent episodes of menin- 
gitis for both patients A and B each yielded between 10 and 30 C. neoformans 
CFU on primary isolation media. In the case of both episodes of infection in 
patient A and in the recurrent episode of infection in patient B, 20 individual 
well-separated C. neoformans colonies from the primary isolation plates were 
selected at random and stored; 16 of these from each isolate collection were 
subjected to further detailed analysis. In the case of the initial episode of infec- 
tion in patient B, only 12 C. neoformans CFU were recovered on primary 
isolation media, all of which were stored and subjected to detailed analysis. The 
isolate collections from the initial episodes of infection in patients A and B were 
labelled A, 1-20 and B,l-12, respectively, while those from the recurrent epi- 
sodes were labelled A n l-20 and B n l-20, respectively. 

Fluconazole susceptibility testing. The susceptibility of C. neoformans clinical 
isolates to fluconazole was determined by broth microdilution in RPMI 1640 
medium (15). Isolates were grown in 96-well microtiter plates (Corning) incu- 
bated at 35°C for 72 h with agitation (16). An end point of 80% growth inhibition 
(ICao) was determined for each isolate by measuring theA^ with an automated 
microplate reader (Spectra I; SLT-Labinstruments, Salzburg, Austria). 

DNA fingerprinting. C. neoformans total cellular DNA was purified as de- 
scribed previously (22). Restriction fragments generated by digesting total cel- 
lular DNA samples to completion with the restriction enzyme £coRI (Promega 
Corp., Madison, Wis.) were separated by electrophoresis through 0.8% (wt/vol) 
agarose gels and transferred onto nylon membrane filters (MSI, Westboro, 
Mass.) according to the method of Southern (21). The oligonucleotide probe 
(GGAT) 4 was end labelled with [7- 32 P]dATP (Amersham International Pic, 
Little Chalfont, Buckinghamshire, United Kingdom [>5,000 Ci mmoP 1 ]) and 
T4 polynucleotide kinase (Promega Corp.) according to the manufacturer's in- 
structions. Labelled (GGAT) 4 was hybridized to the digested DNA as described 
previously (24). 

RAPD. PCRs were performed in a final volume of 25 uJ containing 10 mM 
Tris-HCl (pH 8.3); 50 mM KC1; 3.0 mM MgCl 2 , 200 fxM (each) dATP, dCTP, 
dTTP, and dGTP (Promega Corp.); 20 pM primer; 0.5 U of Taq DNA polymer- 
ase (Promega Corp.); and approximately 10 ng of C. neoformans total genomic 
DNA. The following oligonucleotide primers were used: 1, 5'GCGATCCCCA3'; 
2, 5'(GATA 4 )3'; and 3, 5'AACGCGCAAC3\ Amplification reactions were per- 
formed in a Perkin- Elmer Cetus DNA thermal cycler under the following con- 
ditions: 94°C for 5 min, 36°C for 5 min, and 72°C for 5 min for 4 cycles followed 
by 30 cycles at 94°C for 1 min, 36°C for 1 min, and 72°C for 2 min. This was 
followed by an incubation period of 72°C for 10 min. After amplification, 20-jxl 
aliquots of the reaction mixtures were electrophoresed in 1.5% (wt/vol) agarose 
gels, and the amplified products were visualized under UV light after being 
stained with ethidium bromide. 



RESULTS 

Oligonucleotide fingerprinting of C. neoformans isolates. To- 
tal cellular DNA was purified from a single isolate of C. neo- 
formans recovered in each case from CSF, skin, and blood 
samples obtained from two patients with meningitis and from 
CSF cultures recovered from another four patients suffering 
from meningitis. Aliquots of DNA from these isolates were 
digested to completion with EcoRl, and the resulting frag- 
ments were separated by agarose gel electrophoresis and trans- 
ferred to nylon membrane filters prior to hybridization analysis 
with the 32 P-labelled oligonucleotide probe (GGAT) 4 . The 
fingerprints generated from isolates recovered from different 
anatomical sites in the same patient were found to be indistin- 
guishable. However, the fingerprints generated from isolates 
recovered from separate patients were each found to be very 
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FIG. 1. Autoradiogram of EcoRI-digested total cellular DNA from single- 
colony isolates of C. neoformans recovered from CSF specimens from patients A 
and B during two successive episodes of meningitis and hybridized with the 
oligonucleotide probe (GGAT) 4 . Lanes 1 and 2 and 3 and 4 show fingerprint 
profiles generated from two single-colony isolates recovered from the same CSF 
sample during the initial and recurrent episodes of infection, respectively. (A) 
Lanes 1 to 4 show profiles generated from isolates A,l, A,2, A„l, and A„2, 
respectively. (B) Lanes 1 to 4 show profiles generated from isolates B,l, B,2, 
B„l, and B„2, respectively. The relative positions of molecular size standards are 
indicated to the right. 



different (data not shown), indicating that each patient was 
infected with a unique strain of C. neoformans. 

Total cellular DNA was purified from three single-colony 
isolates from the initial and recurrent isolate collections recov- 
ered from two AIDS patients (A and B), each of whom expe- 
rienced two successive episodes of meningitis, and DNA fin- 
gerprints were generated as described above. In the case of 
patient A, the hybridization profiles obtained with the three 
isolates recovered during the initial episode of meningitis (data 
for isolates A,l and A,2 are shown in Fig. 1A, lanes 1 and 2) 
were identical to each other but were clearly significantly dif- 
ferent from the corresponding profiles obtained with the three 
isolates (also identical to each other) recovered during the 
recurrent episode of infection (data for isolates A„l and A„2 
are shown in Fig. 1A, lanes 3 and 4). In contrast, the hybrid- 
ization patterns obtained with both sets of isolates recovered 
from patient B were found to be very similar, but some band 
differences were evident. For example, there was a hybridiza- 
tion band with a size of approximately 3 kb, which was present 
in the profiles of the three isolates from the initial episode of 
infection (data for isolates B r l and B,2 are shown in Fig. IB, 
lanes 1 and 2) but was absent in the corresponding profiles of 
the three isolates from the recurrent episode (data for isolates 
B„l and B n 2 are shown in Fig. IB, lanes 3 and 4). Direct visual 
analysis of ethidium bromide-stained agarose gels containing 
separated £coRI-generated fragments of genomic DNA from 
the isolates concerned showed that the restriction fragment 
length polymorphism patterns of the recurrent isolates from 
patient B lacked a heavily stained band, also approximately 3 
kb in size, that was present in the restriction fragment length 
polymorphism patterns of the three isolates from the initial 
episode of infection (data not shown). Furthermore, an addi- 
tional hybridization band with a size of approximately 2.8 kb 
was present in the profile of isolate B„l which was not present 
in the profile of isolate B„2 (Fig. IB, lanes 3 and 4). 
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FIG. 2. RAPD products from single-colony isolates of C. neoformans recov- 
ered from CSF specimens from patients A and B during two successive episodes 
of meningitis and amplified with oligonucleotide primer 1 (5'GCGATCCCC 
A3'). Lanes 1 to 3 (isolates A,l to 3) and 8 to 10 (isolates Bjl to 3) show RAPD 
profiles generated from three single-colony isolates recovered from the same 
CSF sample from patients A and B, respectively, during the initial episodes of 
infection. Lanes 4 to 6 (isolates A n l to 3) and 11 to 13 (isolates B„l to 3) show 
RAPD profiles generated from three single-colony isolates recovered from the 
same CSF sample from patients A and B, respectively, during recurrent episodes 
of infection. Lane 14, 100-bp DNA ladder size standards (Promega). 



Analysis of multiple single-colony isolates. In order to in- 
vestigate the possibility that patients A and B may have been 
infected with more than one strain of C. neoformans during 
both episodes of meningitis, total cellular DNA was prepared 
from an additional 13 single-colony isolates (9 in the case of 
the initial episode of infection in patient B) recovered, in each 
case, from the same clinical specimens as the isolates used in 
the experiments described above, and then hybridization fin- 
gerprints were generated with (GG AT) 4 . For both patients, 
only a single fingerprint pattern was found for each group of 
single-colony isolates examined. As in the results described 
above, the patterns of the 13 additional A, isolates differed 
considerably from those of the 13 additional A„ isolates, while 
those of the 9 additional B, isolates were almost identical to 
those of the 13 additional B n isolates. However, whereas the 
A„ isolates all yielded identical fingerprint patterns (finger- 
prints from 14 isolates are shown in Fig. 3a), the corresponding 
profiles of the A„ Bj, and B„ isolate collections, respectively, 
although essentially homogeneous, showed numerous subtle 
but distinct minor polymorphisms. An example of the profiles 
obtained with the B„ isolate collection is shown in Fig. 3b. 

RAPD fingerprints of the additional single-colony isolates 
from each isolate collection from patients A and B were also 
generated with primer 2 and primer 3, respectively. The results 
confirmed the findings obtained in the experiments described 
above with three single-colony isolates from each isolate col- 
lection. However, minor polymorphisms were evident in some 
of the RAPD profiles of all four single-colony isolate collec- 
tions, including one single-colony isolate from the recurrent 
episode of infection in patient A (Fig. 4). 

Fluconazole susceptibility of C. neoformans isolates. The 
fluconazole susceptibilities of isolates 1 to 3 from the initial 
and recurrent isolate collections for both patients A and B 
were determined by broth microdilution. Isolates A,l to 3, B,l 
to 3, and B„l to 3 yielded an ICgo of 32 \l% ml -1 , whereas 
isolates A H 1 to 3 yielded an \C m of 8 u,g ml" 1 . 



The fingerprint profiles of the isolates described above were 
found to be stable after repeated subculture (minimum of eight 
times) of the isolates over a 6-month period. During this time, 
total cellular DNA was prepared from each isolate on three 
separate occasions, and in each instance, fingerprint profiles 
identical to those shown in Fig, 1 were obtained with 
(GGAT) 4 . 

RAPD analysis of recurrent isolates. The RAPD profiles 
generated with primer 1 and target DNA from three single- 
colony isolates from the same clinical specimen examined from 
the initial episode of infection in patient A (Ajl, A,2, and A,3) 
were identical to each other (Fig. 2, lanes 1 to 3). Similarly, the 
corresponding profiles obtained with the target DNA from an 
additional three single-colony isolates from the same clinical 
specimen recovered during the recurrent episode of infection 
(A n l, A„2, and A u 3 [Fig. 2, lanes 4 to 6]) were also found to 
be identical to each other. However, the patterns obtained 
from both sets of isolates were totally distinct. In contrast, the 
RAPD patterns generated with the three isolates examined 
from both the initial and recurrent episodes of meningitis in 
patient B (B^, B,2, B,3, B„l, B n 2, and B„3) were all found to 
be identical (Fig. 2, lanes 8 to 13). Additional RAPD experi- 
ments with the same target DNA as that used in the experi- 
ments described above and primers 2 and 3 also generated 
distinct profiles for the three A, and the three A n isolates and 
were unable to discriminate between the three B, and the three 
B„ isolates. RAPD fingerprint profiles were also found to be 
reproducible after repeated subculture of the isolates with 
target DNA prepared on three separate occasions. 



DISCUSSION 

Only a small number of studies have focused on the rela- 
tionship between isolates of C. neoformans from successive 
episodes of meningitis in individual patients (8, 17, 22, 23). 
Some of these studies have indicated that relapse of crypto- 
coccal meningitis is due to the persistence of the originally 
infecting strain (17, 22, 23), whereas another study has shown 
that in two separate individuals, recurrence of infection was 
apparently due to reinfection with a novel strain (8). In addi- 
tion, the latter study provided evidence that one patient was 
infected with more than one C. neoformans strain during a 
single episode of meningitis. The present study was undertaken 
to confirm these findings by analysis of multiple C. neoformans 
single-colony isolates recovered from the same clinical speci- 
men obtained from two patients during each of two successive 
episodes of disease. Fingerprint analysis of genomic DNA with 
the microsatellite sequence-containing oligonucleotide probe 
(GGAT) 4 and RAPD analysis with three separate oligonucle- 
otide primers showed that the six patients included in the study 
were each infected by different C. neoformans strains. This is in 
agreement with earlier studies which described the genetic 
heterogeneity of serotype A C. neoformans strains (3, 7, 8, 17, 
26, 27). In addition, in the case of the two patients from which 
C. neoformans isolates were recovered from specimens taken 
from different anatomical sites during the same episode of 
meningitis, all of the isolates from the same individual yielded 
the same fingerprint pattern. 

Two of the six patients under study (A and B) suffered 
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FIG. 3. Autoradiograms of Eco Rl-digested total cellular DNA from C. neoformans single-colony isolates recovered from the same CSF specimen in the case of 
patients A and B, respectively, during the recurrent episode of meningitis after hybridization analysis with the oligonucleotide probe (GGAT) 4 . (a) Profiles shown in 
lanes 1 to 14 were from single-colony isolates A„l to A„14, respectively, (b) Profiles shown in lanes 1 to 16 were from single-colony isolates B„l to B„16, respectively. 
The arrow and arrowhead shown to the left of panel b indicate the relative positions of polymorphic hybridization bands with sizes of approximately 2.6 and 2.9 kb 
present in isolate profiles shown in lanes 1, 4, 6, 7, 8, 9, 14, and 15 and lanes 10, 11, 12, and 15, respectively. 
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FIG. 4. Amplified RAPD products from single-colony isolates of C. neofor- 
mans recovered from CSF specimens from patient A during the initial and 
recurrent episodes of infection, (a) Profiles shown in lanes 1 to 7 were from 
single-colony isolates (A|5 to A t l 1) from the same specimen recovered during 
the initial episode of infection, (b) Profiles shown in lanes 1 to 7 were from 
single-colony isolates (A n l to A,,7) from the same specimen recovered during 
the recurrent episode of infection. The positions of the molecular size reference 
markers indicated to the right are in kilobase pairs. The arrowhead and arrow 
shown to the left of panel a indicate the relative positions of polymorphic bands 
with sizes of approximately 0.7 and 0.9 kb present in isolate profiles shown in 
lanes 1, 2, 4, 5, and 7 and 4, 5, 6, and 7, respectively. The arrowhead to the left 
of panel b indicates the position of a single polymorphic band with a size of 
approximately 0.45 kb present only in lane 1. 



relapses in infection within 6 months of clinical resolution of 
the symptoms after therapy. Preliminary experiments were 
performed with three single-colony isolates recovered from 
CSF specimens from patients A and B during each episode of 
disease by both DNA fingerprinting techniques (Fig. 1 and 2). 
The results showed that the (GGAT) 4 -generated hybridization 
patterns obtained with the three single-colony isolates from the 
initial episode of meningitis in patient A, although identical to 
each other, were significantly different from the corresponding 
profiles of the three single-colony isolates recovered during the 
recurrent episode of disease in the same patient. In fact, the 
two sets of profiles, each of which contained >15 clearly re- 
solved hybridization bands, shared no bands in common, 
strongly suggesting that patient A was infected with unrelated 
C. neoformans strains during each episode of meningitis. In 
contrast, the hybridization patterns obtained with the three 
single-colony isolates from both the initial and recurrent epi- 
sodes of infection in patient B were very similar, with the 
majority (—75%) of bands shared in common. These results 
suggested that the same strain of C. neoformans was responsi- 
ble for both episodes of disease. This also suggested that the 
recurrent episode of infection was due to persistence of the 
strain responsible for the initial episode in patient B. However, 
the possibility that patient B was reinfected with the same 
strain from an environmental source cannot be discounted. 

Fluconazole susceptibility data obtained from three single- 
colony isolates from each episode of meningitis in both pa- 
tients A and B showed that isolates from the recurrent episode 
in patient A had a fourfold lower (8 |ig mP 1 ) fluconazole ICgo 
than that obtained with isolates from the initial episode (32 jig 
ml -1 ). In contrast, all six isolates tested from patient B yielded 
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the same fluconazole IC 80 (32 p,g ml" 1 ). These results 
strengthen the conclusions derived by fingerprinting analysis 
that the recurrent episode of meningitis in patient A was 
caused by a novel strain, while both episodes in patient B were 
caused by the same strain. 

On the basis of the results described above, it was still pos- 
sible that both patients A and B were infected with two or 
more strains of C. neoformans during each episode of disease 
and that this was not reflected in the single-colony isolates 
tested from primary isolation plates. If two strains were present 
during a particular episode of infection in different relative 
abundance, the chance of detecting a particular strain would 
directly reflect the number of single-colony isolates tested from 
the primary isolation plates. A strain present in low abundance 
relative to a second strain during a particular episode of dis- 
ease in a given patient might not be detected if only a few 
colonies were sampled. A change in the relative abundance of 
the two strains during a subsequent episode of disease, assum- 
ing that both strains persisted between episodes, could lead to 
the conclusion that the recurrent episode was due to a novel 
strain. To unequivocally determine the presence of multiple 
strains during a specific episode of infection would require 
analysis of all of the C. neoformans colonies recovered on 
primary isolation. However, from a routine perspective, this 
would clearly not be practical for logistical reasons. To im- 
prove the chances of detecting the presence of more than one 
C. neoformans strain from each of the specimens obtained 
during both episodes of infection in patient A and from the 
recurrent episode of infection in patient B, a total of 16 single- 
colony isolates from the primary isolation plates were analyzed 
(i.e., an additional 13 single-colony isolates from each speci- 
men). This represented >50% of the total number of C neo- 
formans colonies recovered from the original specimens in 
each case. In the case of the initial episode of infection in 
patient B, all 12 (i.e., 100%) of the C. neoformans CFU recov- 
ered on primary isolation were analyzed. Fingerprinting anal- 
ysis of the additional single-colony isolates from the initial and 
recurrent specimens from patients A and B confirmed the 
preliminary findings described above with each of three single- 
colony isolates from each episode of infection. The very close 
similarity of the fingerprint patterns obtained with the initial 
and recurrent isolate collections from patient B makes it un- 
likely that this patient was infected by more than one strain of 
C. neoformans during each episode of meningitis and suggests 
that both disease episodes were caused by the same strain. 
Furthermore, although the fingerprint patterns obtained with 
the single-colony isolate collections from the initial and recur- 
rent episodes of disease in patient A were totally different from 
each other, the profiles obtained with the 16 isolates compris- 
ing each collection were remarkably homogeneous, apart from 
minor polymorphisms evident in patterns from isolates from 
the initial episode. These findings and the confirmatory data 
obtained by RAPD analysis provided strong evidence that pa- 
tient A was infected with a single strain of C. neoformans 
during each episode of disease and that a different strain was 
responsible for each episode. 

As far as we are aware, the present work and another recent 
report from our laboratories (8) are the only studies which 
have indicated that recurrent episodes of meningitis in the 
same patient can be caused by different strains of C. neofor- 
mans. The only other published studies on this subject indicate 
that recurrent episodes of meningitis in the same patient are 
due to persistence of the same C. neoformans strain responsi- 
ble for the initial episode of disease (17, 22, 23). There are 
several possible reasons for the disparity between our results 
and those of previous studies, including different patient man- 



agement and treatment regimens. However, the use of differ- 
ent fingerprinting techniques in the various studies to distin- 
guish between isolates and their relative discriminatory powers 
is probably more important. Each of the fingerprinting probes 
employed to date recognizes different genetic markers and is 
likely to have a different discriminatory ability. 

Failure to detect minor polymorphisms in the single-colony 
isolate collection from the recurrent episode of infection in 
patient A by fingerprinting with the (GGAT) 4 probe was sur- 
prising, given that they were readily detectable in both isolate 
collections from patient B and in the initial isolate collection 
from patient A (Fig. 4a, lane 1). However, minor polymor- 
phisms were evident in the RAPD profiles of one of the 16 
single-colony isolates from the recurrent episode of meningitis 
in patient A. It is possible that some strains of C. neoformans 
are inherently more unstable or genetically pleomorphic and 
thus are more prone to generate polymorphisms than others. 
In order to investigate whether the polymorphisms were due to 
genetic instability in vitro, three of the single-colony isolates 
from each isolate collection recovered from patients A and B 
were subcultured at least eight times over a 6-month period, 
and fingerprinting experiments were repeated on three sepa- 
rate occasions with freshly prepared total cellular DNA. The 
results demonstrated that the fingerprint profiles of the single- 
colony isolates were reproducible. Furthermore, storage of 
isolates for a period of at least 6 months at -20°C did not 
detectably affect the fingerprint profiles. All of these results 
demonstrated that the generation of polymorphisms was not 
due to genetic instability in vitro; the generation of polymor- 
phisms is more likely to be a response to unfavorable environ- 
mental conditions in vivo. Similar polymorphisms in Candida 
albicans DNA fingerprint profiles have recently been described 
and have been attributed to the occurrence of microevolution 
(12). 

It has been suggested that C. neoformans strains only rarely 
reproduce sexually and that clinical populations of the organ- 
ism are usually clonal in origin (5, 14). In the absence of 
genetic exchange through sexual reproduction, microevolution 
could conceivably confer a selective advantage under unfavor- 
able environmental conditions. 
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The rapid increase in Pseudomonas (BurkhoMeria) cepacia infection in cystic fibrosis (CF) 
patients suggests epidemic transmission, but the degree of transmissibittty remains 
controversial as conflicting conclusions have been drawn from studies at different CF 
centra TWs n^rt provides tte 

evolutionary lineage of P. cxpada associated with CF centre epidemics in North America 
(Toronto) and Europe (Edinburgh). The involved epidemic done encoded and expressed 
novel cable (Cbl) pifi that bind to CF mucin. The sequence of the dblA pffin subunit gene 
carried by the epidemic isolates proved to be invariant. Although it remains to be 
determined how many distinct, highly transmissible lineages exist, our results provide 
both a DNA sequence and chromosomal fingerprint that can be used to screen for one 
such particularly infectious, transatlantic done. 



Pseudomonas aeruginosa accounts for up to 90% of morbidity and 
mortality in patients with cystic fibrosis (CF) following persistent 
infection over a period of years. However, during the last decade, 
as many as 40% of the patients in some CF centres" have also 
become infected with Pseudomonas {Burkholderia) cepacia. About 
20% of the latter die from bacteremia, or aggressive pulmonary 
infection over a few months" While the significant increase in 
P. cepacia infection suggests epidemic spread*-**, the source and 
transmissibfliry of P. cepacia remains controversial 9 . Nonetheless, 
given the potentially grave consequence of P. cepacia infection, 
stringent infection control policies have been adopted, many CF 
camps in North America have been dosed and all but one lung 
transplant centre have ceased to accept P. oepada-infected CF 
patients as transplant candidates. 

The epidemiology of P. cepacia infection has been examined 
by both ribotyping 1 * and pulsed-field gel electrophoresis (PFGE)- 
based resolution of chromosomal macro-restriction fragment 
length polymorphisms (RFLPs)* 9 * 50 . Comprehensive studies ap- 
plying both methods generated two very different conclusions 
regarding donality, persistence, and transmisslbility. One study 
in the United Kingdom (Western General Hospital, Edinburgh), 
found a clonal relationship among isolates from 1 3 patients over 
six years 5 . In contrast, during an eight-year period at a US CF cen- 
tre (Unrversity of North Carolina (UNQ Hospitals, Chapel Hill), 
not a single identical or dosery related strain was found among 
23 infected clinic and lung transplant patients'. Serial isolate 
analysis further confirmed this picture, typically demonstrating 
persistent infection by a single strain. 



There also existed an isolate collection from another CF centre 
(Hospital for Sick Children, Toronto), where there was anecdotal 
evidence for an epidemic of P. cepacia. Although the isolates were 
not characterized for genetic relatedness, they had been uni- 
formly resolved to express peritridous, giant cable (CWHike pill 
that specifically bound to CF mucin and airway epithelial 
cells* 41 " 13 . As the cMA pilin subunit gene encoded by all 15 of the 
Toronto isolates was the first such gene characterized for P. cepa- 
cia, a subsequent rrybridrzatfon-based survey for the presence of 
cMA was carried out on multiple isolates from eight other CF cen- 
tres in the United States and Europe as well as clinical and 
environmental strains. All of these isolates were cblA~ except for 
one isolate from a CF centre in Jackson, Mississippi 

Studies described in this article examine the genetic related- 
ness of cWA* and cMA~ strains. The evohmonary picture gener- 
ated indicates the emergence of a highly tr a nsmissi ble lineage, 
seemingly adapted for efficient transmission in the CF popula- 
tion. The resolved genetic markers uniquely associated with this 
lineage may be used to rapidly identify its presence and are 
therefore of immediate practical importance to CF centres in 
both Europe and North America. 

Generic relatedness of P. cepada isolates 

The observations described above-led us to characterize the epi- 
demiological relatedness of the 15 Toronto isolates expressing 
mucin-binding Cbl pifL To investigate the genetic relationship 
between these isolates and those found elsewhere, we included 
clinical and environmental isolates as well as 78 strains from the 
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fig. 1 RFLPs of 1 7 P. cepacia Isolates dted in the text and Methods 
sections. Lane order for the 17 isolates is maintained in the three 
parts of the figure. Isolate numbers of examined strains appear at the 
top of the figure immediately above each lane. Subscript letters pre- 
ceding isolate number indicate CF centre from which P. cepacia (PC) 
strain was isolated: PQ, Edinburgh, Scotland; PQ*, Jackson, Missis- 
sippi; PCn Chapel Hill, Norm Carolina; PC*,, New York, New York; 
PCqm, Cleveland, Ohio; PQ, Toronto, Canada; and PC^ Norfolk, Vir- 
ginia, a, PFGE-resatved, chromosomal SpeL macro-RFLPs. As de- 
scribed previously*, samples were prepared and restriction fragments 
separated by pubed-fidd gel ^ctrophoresis with a CHEF Mapper 
system (Bio-Rad) through agarose using a field strength of 6 
V/cm and an initial and final pulse time of 1 .2 s and 54 s, respec- 
tively. Fragment sizes were determined using a X concatenate ladder 
(not shown). Bar-code format translation of chromosomal fingerprint 
profiles was made using a Macintosh Quadra 950 running Gene 
Construction Kit (Texto). Fragments below 100 kbp are not shown. 
In the latter range, Toronto and Edinburgh isolates displayed in lanes 
1 -8 had two identical fragments (60 kbp and 48 kbp). Other isolates 
(lanes 9-17) had polymorphic sets of three to six fragments in mis 
Iowa- range. b t rm (ribosomal RNAoperon) fcoRl RFLPs. Southern 
blot hybridization methods were as we described previously 9 ' 26 using 
a ^-labelled rmB probe spanning the entire rmB operon of £ coil 
K1 2. c, dbIA hybridization analysts of fcoRlgenerated RFLPs. This 
was accomplished by stripping bound rm probe from the membrane 
used in Fig. 1 b foflowed by hybridization with a previously described 
cWAgene probe 4 using standard methods 2 * 27 . 



seven other CF centres cited above that were cblA\ At this time 
the report of RFLP4dentical P. cepacia Isolates transmitted among 
patients at an Edinburgh CF centre appeared, and we obtained the 
involved strains 3 to include in tills phyiogenetic characterization 
(Fig. la, b). Profiles in lanes 9-17 of both a and b of Fig. 1 depict 
typical polymorphic patterns resolved for isolates from different 
CF centres. For these isolate mean D (Dice coefficient of similar- 
ity) 1 * for any pair by PFGE-resolved chromosomal macro-RFLP pro- 
file was 0.14 ± 0.07 <F& la), a level of diversity not significantly 
different from mat found previously among eight independently 
isolated American Type Culture Collection (ATCQ environmental 
and conical control isolates 9 . A similar degree of chromosomal 
RFLP variability was found between the other CF-assodated Iso- 
lates from the seven CF centres (results not shown), confirming 
that these are epidemiologically distinct strains with RFLP variabil- 
ity not significantly different from that of the random collection 
of ATCC strains (0. 1 > P > 0.05). Despite the lower discriminatory 
power of ribotyping 9 , a similar degree of phyiogenetic relationship 
among these CF-associated isolates is apparent in Fig. lb. 

The heterogeneity of the RFLP profiles of the isolates from 
the seven CF centres (for example, lanes 9-17, Tig. la, b) is sim- 
ilar to that described in a previous study involving multiple 
isolates from 23 patients at the UNC Hospitals CF centre*. This 
degree of variability contrasts markedly with the two closely re- 
lated, conserved RFLP patterns found for the 15 d>M-encodtng 
Toronto CF centre isolates (lanes 1-4, Fig. la, fc). Here, by ex- 
amining both PFGE and ribotype RFLP profiles, the coefficient 
of similarity among the Toronto isolates proved to he very 
high, with PFGE D = 0.95 ± 0.03 and ribosomal RNA operons 
(rm) D = 0.87 ± 0.09. This contrasted with (a) the mean D value 
among isolates from the other seven CF centres, which was 
very tow (for example, lanes 9-1 7, fig. \a, b), and (b) the mean 
D between the Toronto isolates and the other CF centre iso- 
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lares, which was also very low: PFGE D = 0.20 ± 0.07, rm D = 
039 ± 0.09. These findings strongly suggest that all 15 of the 
Toronto CF centre isolates were members of a unique lineage 
associated with an epidemic. 

Displayed in lanes 5-8 of Fig. la and b are P. cepacia PFGE and 
ribotype RFLP profiles of isolates from CF patients at the Edin- 
burgh CF centre 3 . The RFLP profiles displayed in Fig. la and b 
also indicate the presence of an epidemic clone, as D for any 
analysed pah by either type of RFLP profile was very high (PFGE 
D = 0.98 ± 0.02, nnD = 1.0), Further, pairwise comparison of the 
Edinburgh strains to the closely related Toronto CF centre strains 
(lanes 1-4 of Fig. la, b) likewise produces robust D values (PFGE 
D = 0.97 ± 0.03, rm D = 0.90 ± 0.04), strongly suggesting that the 
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Edinburgh and Toronto Isolates are members of the same unique 
lineage despite the Atlantic Ocean barrier. 

PhyJogenetic relationships of P. cepacia isolates 
Based on nbosomal RNA operon (mi) RFLP profiles, phylogenetic 
relationships of the 133 isolates described above and in the Meth- 
ods section were determined >vrrh the neighbour-joining method 15 . 
Confidence intervals on the tree topology were estimated by boot- 
strapping analysis* (Fig. 2). The resultant phylogenetic tree indi- 
cates that the duster of Toronto and Edinburgh isolates comprises a 
single, donatty related lineage. The remaining, independently iso- 
lated strains from other CF centres are as distantly related to one 
another as they are to either the Toronto/Edrnburgh dusters or the 
independently isolated non-CF clinical and environmental strains. 



Cbl phenotype and genotype of Edinburgh CF isolates 

We then examined the epidemic Edinburgh isolates to see if, as 
do the Toronto strains*, they expressed C2>1 pili and encoded the 
cblA gene. Phenotypic survey using electron microscopy revealed 
that these highly traxisniissibie strains expressed appendage pili 
that were stracturauy equivalent to those expressed by all of the 
cblA* Toronto isolates* 33 {Fig. 3). Genotypic survey was carried 
out by stripping /m-probe from an EcoW chromosomal digest 
membrane {Fig. lb) followed by hybridization with a cb!A probe. 
The highly transmissible Edinburgh isolates as well as the closely 
related Toronto dones encode dtiA (Fig. lc, lanes IS). 

cblA gene sequence-based test of donalrty 

Because the implications of our studies have the potential to in- 




fig. 2 rm-RFLP-based phylogenetic tree of representative isolates from patients at seven CF centres in North America {Chapel Hill, North 
Carofina; Jackson, Mississippi; Norfolk, Virginia; Cleveland, Ohio; Philadelphia, Permsyivartia; New York, New York; Toronto, Ontono) and 
the United Kingdom (Edinburgh) plus environmental and cfinicai (non-CF) sources. Ail cried isolates are deschbed m the text^dmme 
Methods section Indicated isolate number is followed by source {CF, erwironmental or dinical). cblA;, drfA/, tsolate(s) that encode the cttA 
gene (Fig. 1c) and express adhesm Cbl pili (Fig. 3). cblA;, identical 501 -bp sequence earned by Toronto ^j^^g^g^^^ 
CRg. 4); cblA 2 \ poiyrriorphic 501 -bp sequence carried by Jackson, Mississippi, CF centre isolate *^-2323.(Fig. 4) J^M^^Bv^fi 



(confidence irrtervars less than ten have been 

Sto^^^'iiiS^S^Se of isolates collected. MuWpteCF pafe* serial 
isolates of an identical m> RFLP profile have not been included as they do not affect the free topology. However, multiple 
Toronto (PC,-5, PQ-7) and Edinburgh <PQ-1 3S9, PC r 23 IS) CF centres are noted because further analysis by DNA ^uence rented ttiat 
the cbiA genes encoded by these four isolates are identical (Fig. 4). The remaining 13 and 11 isolates, re ^ e ^'^^*°™^„^ 
centres are members of the indicated epidemic lineage based on 1 00% correlation of their rm RFLP profiles with those of the prototypic pat- 
terns of the Toronto/Edinburgh isolates shown in Rg. lb. 
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fluence Erectly clinical management of some 70,000 CDF patients 
in Europe and North America, we used DN A sequence analysis to 
test the RFLP-based conclusions that isolates from Toronto and 
Edinburgh were clonal. Either of two classes of bacterial genes 
are typically sequenced tor this purpose slowly evolving, 'house- 
keeping' genes such as putP (proline permease) 17 or, more rapidly 
evolving, antigen-encoding genes such as the flagellar filament 
gene (fliC) of SohnoneUa typhhmmum 1 *. Based on analogy to the 
latter, we chose the cMA pita gene as it would probably be under 
antigenic selection, thus providing a more rigorous test for the 
clonality of strains. The possibility of antigenic variability being 
reflected in the cblA pifin gene sequence was suggested by our 
analyses of the Jackson, Mississippi, CF-associated strain PQ«- 
2323, the sole d>M-posrtrve isolate not associated with the epi- 
demic clusters (lane 17, Fig. lc). Variability in the encoded cblA 
of this isolate had been inferred by (1) ribotype and chromoso- 
mal maoo-RFLP profiles indicating that PC^-2323 was only dis- 
tantly related to the cWA-positive Toronto/Edinburgh isolates 
(lane 17 versus lanes 1-8 of Fig. la, b); <2) variation in cWA- 
encoded restriction fragment size from that observed in the 
Toimto/Edmburgh isolates (lane 17 versus lanes 1-3 of Fig. lc) 
and (3) absence of agglutination by antibodies made against Cbl 
pili purified from cWA-positrve Toronto CF centre isolates (data 
not shown). 

Primers were synthesized from the cblA sequence of the 
Toronto isolate PCV 7 (ref. 4) and used for polymerase chain reac- 
tion (PCR)-based amplification of the cblA gene from isolates to 
be characterized. Resultant PCR products were then cloned and 
sequenced (see Methods). Complete cMA sequences were thus 
obtained from isolates with the two slightly variant though 
closely related RFLP profiles typical of the 15 Toronto CF centre 
isolates <Fig. la, b, lanes 1-4), the two slightly variant though 
closely related RFLP profiles typical of the 13 Edinburgh CF cen- 
tre isolates (Fig. la, b, lanes 5-8), and the significantly variant 
Jackson, Mississippi, CF-associated strain PC^-2323 (Fig. la, b, 
tee 17). Comparison of these five sequences indicates that the 
chromosomally encoded, 501 -base pair (bp) cblA pOin subunit 
structural gene carried by the closely related isolates from the 
Toronto and Edinburgh CF centres was Invariant in sequence. In 
contrast, the cbiA gene encoded by the distantly related Jackson 
Mississippi strain PC^-2323 exhibited polymorphism at the se- 
quence level, with changes in 60 bp of the 501-bp sequence 
(88% identity; see FteT TBgiM^ ^M^^^> 




Fkj. 3 Transmission electron micrograph of Toronto epidemic strain 
PQ-7 e x pres sin g Cbl adhesin pHi. High resolution was achieved with 
a JOEL 100 CX electron microscope as previously described 13 . Bar in 
lower right comer, 0.1 pm. Taken from Gokistein et a/ 13 . 




Discussion 

P. cepacia varies in transmissfbility 

Consideration of these findings in the context of our previous 
studies on UNC CF centre isolates 9 leads us to conclude that iso- 
lates of P. cepacia are not equally transmissible between CF pa- 
tients, rather, there exists at least one significantly divergent, 
highly transmissible clonal lineage plus numerous moderately 
heterogeneous lineages of negligible transmissibility {see Tig. 2), 
and that the highly transmissible lineage identified is responsi- 
ble for epidemics at North American and British CF centres. This 
was most likely due to an as yet unidentified transatlantic ton s- 
mission related to joint summer camp attendance. 



foMuon ot lofOfluo/ccunrxirgTi done to otner eptuerroc strains 
Based on rm RFLP profiles or anecdotal evidence, additional 
reports suggest the occurrence of P. cepacia transmission at CF 
centres in Philadelphia 3 and Cleveland", respectively. We charac- 
terized strains involved with both of these putative outbreaks 
(see Methods section) and found that by neither ribotype or 
macro-chromosomal KFLPs profile did the prototypic RFLP fin- 
gerprints of the puta lively epidemic strains from either centre 
appear similar to one another (mean D < 03), nor to the unique, 
highly transmissible lineage involved with the Toronto and 
Edinburgh CF patients (L3., A.H., H. Zhou and R.G., unpub- 
lished data). Nonetheless, highly conserved RFLP profiles (mean 
D > 0.85) within the individual outbreaks did support a picture 
of epidemic transmission within each of the two centres. "When 
these isolates were further characteri ze d, hybridization-based 
survey for the presence of the cblA pilin gene proved negative for 
35 of the involved strains (L. S., A.H-, H. Zhou and R.G., unpub- 
lished data). These results suggest that there may exist P. cepacia 
lineages of high transmissmilrty other than the cbW done that 
we have identified. 

Emergence of done for efficient infection of the CF lung 

This study demonstrates the integral role of molecular epidemi- 
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ology and evolutionary biology in identifying newly emerging, 
highly tiansraissible microbial pathogens. The degree of diver- 
gence of the cblA* lineage suQjests specific adaptive, evolution- 
ary changes for efficient transmission in the CF population. A 
number of phenotypic observations support this hypothesis, 
such as the novel giant Cbl pili expressed, which have been 
found to promote adhesion-based colonization of the CF air- 
way* 11 *"- New results provide further details, showing that cblA* 
isolates are significantly more adherent to human, primary cul- 
ture cftr^~ airway epithelial cells than cblA~ strains, and that the 
cblA* isolates adhered to the epithelial apical surface as well as to 
the cilia (J. Yankasfcas, P. Glhlgan and R.G., unpublished obser- 
vations), suggesting the potential for interference with the mu- 
cociliary transport system. Further, unlike non-epidemic P. 
cepacia isolates, clones from the Toronto/Edinburgh epidemics 
proved uniquely resistant to killing by R aeruginosa isolates cul- 
tured from many different patients (C Campanelli, A.H. and 
R.G., unpublished observations). Given that CF patients are most 
often infected with P. aeruginosa before superinfection by P. cepa- 
cia, this atypical resistance may contribute to the remarkable ca- 
pacity of the cblA* lineage to be epidemically spread among the 
CF population. 

From molecular genetics to dinical management 

Although it remains to be determined how many other diver- 
gent, highly transmissible lineages of P. cepacia have evolved, 
these results provide both the first chromosomal KFLP finger- 
print (Fig. la, lanes 1-8) and DNA sequence (Fig. 4) that can be 
used for precise identification of one such lineage (Fig. 2). 
Knowledge of specific, intragenic regions of the invariant 
Toronto/Edinburgh cMA sequence allows for rapid, PCR- or ofigo 
hybridization-based screening for this highly infectious lineage 
(LS., A.H., FL Zhou and R.G,, unpublished observations). The 
resolution of a chromosomal fingerprint unique to a particular 
epidemic lineage indicates that it should be possible to establish 
an epidemiological library of such profiles. Among the increas- 
ing population of CF patients infected with P. cepacia, prospec- 
tive screening for the highly transmissible lineages will provide a 
rational basis for patient isolation and infection control policies. 
This is of immediate relevance to the dinical management of the 
CF population as such decisions impact dramatically on patients, 
their families and the health-care system. 

Methods 

Bacterial isolates. Pseudomonas cepacia (n - 1 33) isolates were ob- 
tained from the following sources: (1) 65 isolates from patients at 
the University of North Carolina {UNQ Cystic Fibrosis Centre 
(1 985-93) inducing 1 7 dink and 5 transplant patients, 4 of whom 
were infected transfers from other distant locations as described pre- 
viously 9 ' '\ Those cited in the figures include isolates PC^-566, PC^-- 
1711, PQc-1345, PC^-ISIO, PChc-1948, K^-2Q08, PC^-2028, 
PC^-2211, PQc-2225 and PC^-2747, each from different local 
clinic patients, and four isolates from infected transfer patients (PC*,- 
792 from New York, New York, PC^-1 963 from Norfolk, Virginia, 
PCoh-2034 from Cleveland, Ohio, and the dbVC isolate PC^-2323 
from Jackson, Mississippi); (2) 8 ATCC clinical and environmental 
isolates: human endocarditis PC^l 3945, human urinary tract 
PQ^-17765, human bronchial PQ^-25609, human tibia fracture 
PC^-27515, forest soil (Trinidad) PC^-17759, onion PC A1CC -2S416 
(the ATCC P. cepacia type strain), soil (Cafifomia) PQ TCC -29352, 
cornfield soil (New Jersey) PQ TCC -39277, all as described previ- 
ously 91 *; (3) 15 cfcJA* isolates from 15 CF centre clinic patients at the 



Hospital for Sick Children (1987-88), Toronto. Those cited in the fig- 
ures include isolates PQ-5, PQ-7, PQ-19, PC r 25 (rets 4, 13); (4) 2 
isolates, PQ-5BC27 and PQ-SBC29, from two CF patients at Western 
General Hospital (Edinburgh, Scotland) that were not associated 
with epidemic transmission within this CF centre 3 *"; (5) 4 isolates 
from dink patients at Western General Hospital (1989-90), fcfin- 
burgh, all of which had been associated with epidemic transmission 
within this CF centre 3 . Those dted in the figures include isolates PQ- 
509, PQ-1359, PQ-1 392 and PQ-2315; <6) 10 isolates from 10 pa- 
tents at a Philadelphia, Pennsylvania, CF centre 2 . Those cited in 
figures include isolates PQ.-535, PC^-542 and PC^-544; (7) 24 iso- 
lates from 24 patients at the Rainbow Babies and Children's Hospi- 
tal, Cleveland, Ohio", including cited isolate PQm-524, PC^-525 
and PQh-2034; and (8) 5 bronchial isolates from 5 non-CF ventilator 
patients at Boston City Hospital (Massachusetts) including cited iso- 
late PQ^-3 13 7. 

RFLP, amplification and sequendng analyses. PFGE, ribotype and 
cMA hybridization methods are described in detail in recent publica- 
tions cited in the text** 1 *. Using previously described methods 9 , CsCl 
equilibrium density gradient purified chromosomal DNA 20 was iso- 
lated from the two prototypk Toronto epidemic isolates (PQ-7 and 
PQ-5), die two prototypic Edinburgh epidemic isolates (PQ-2315 
and PQ-1 359) and the single Jackson, Mississippi, CF centre Isolate 
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Ftg. 4 Identical 501 -bp sequence (topmost line) of the cbiA struc- 
tural gene encoded by two prototypic Toronto epidemic isolates 
(PQ7 and PQ-5) and two prototypk Edinburgh isolates (PQ-2315 
and PQ-1 359) compared to the variant dtiA sequence carried by the 
single Jackson, Mississippi, CF centre isolate PQ.,-2323 (lower One). 
See Methods section. 
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PC^-2323. From each of these cblA probe-positive chromosomes 
the ch!A gene was PCR amplified* using a ONA therniocyde^ 
<Pertdn-Elmer) with a GeneAmp PCR Core Reagents Kit (ibid.). 
Based on the previously determined sequence of the cbiA gene 
encoded by isolate PC T -7 (ref. 4) # sense and antisense primers 
used for these reactions were 5'-<:CAAAGGACTAACCCA~3' and 
5'^CCCGATCTCCATCACA-3' # respectively. PCR reactions were 
as follows: cycle one, 2 mm at 94 X, 2 min at 37 XI, 7 min at 72 
t. The remaining 29 cycles were: 1 min at 94 °C, 1 min at 45 "C, 
1 min at 72 X, followed by 7-mtn exteosion at 72 "C PCR prod- 
ucts were separated by electrophoresis through 0,8% agarose 
and for each a single band was observed with ethidium bromide 
staining. Bands were electrocuted into DEAE membrane 
(Schleicher £ Schuefl) and doned with a TA Cloning Kit (Invitro- 
gen). DMA sequences were determined by the Sanger dideoxy 
method* with the same primers used for PCR amplification 
(above). Five PCR-amplified drf4 gene clones of PC^-2323 were 
generated, three of which were sequenced for confirmatory pur- 
pose, with no variation resolved. 

Statistics. Standard criteria were used for comparing PFG£ pat- 
terns 21 . According to established criteria for p. cepacia 2 *, strains 
were assigned to the same ribotype when comparison of sizes of 
hybridizing fragments revealed three or fewer bands differing be- 
tween the two patterns under comparison. Quantitative patrwise 
comparison of both types of RFLP patterns was accomplished 
using the Dice coefficient of similarity calculated as D = 2n v / (n, + 
where n 3 is the total number of ONA fragments from strain X, 
*h is the total number from strain Y, and n„ the number of frag- 
ments identical in the two sb«iins ,VB . The coefficient of similarity 
for two PFGE RRPs D > 0.90 represents closely related strains, 
while unrelated strains have O £ 0.60, Intervening values, remark- 
ably, are rare*. For rm RFLPs, given that P. cepacia strains typically 
display 7-10 cfistinct hybricfcing bands, the shared ribotype 
(above) would correspond to D = 0.79 to 0.85. Comparisons be- 
tween mean values were performed by Student's c-test using a 
Systat program (Systat Inc.). 
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Burkholderia cepacia is now recognized as an important opportunistic pathogen in cystic fibrosis (CF) and 
other compromised patients. Epidemicity among CF patients has been attributed to at least one particularly 
infectious strain (strain ET12), and both genetic evidence and anecdotal evidence suggest that this strain, 
currently endemic in Ontario, and those causing an epidemic in the United Kingdom, are indeed the same. Our 
study was conducted to determine whether there was any association between the presence of various insertion 
sequence (IS) elements, the cable pilin subunit gene (cblA), electrophoretic type (ET), and ribotype (RT) in a 
collection of 97 clinical and 2 environmental isolates of B. cepacia. No apparent linkage was found for IS 
elements IS40J, IS402, IS406, IS407, and IS408 with ET or RT. The cblA target, said to be a marker for high 
infectivity, was detected in 100% (38 of 38) of strains of B. cepacia ET12 and in a single strain of ET13 that 
differed in a single enzyme allele. A new IS, IS1356, identified during the investigation, was present in 71.7% 
of all isolates, and 50.7% of these isolates harbored IS1356 as a hybrid IS element inserted into IS402. IS/356 
is 1,353 bp in length, and when it is inserted into IS402 it results in a 10-bp duplication at the site of insertion. 
1S1356 contains one major open reading frame of 1,260 bp coding for a putative transposase which has 
significant homology to \SRm3 in Rhizobium meliloti (59%) and to an undesignated IS element in Corynebac- 
terium diphtheriae (49%). The IS402-IS7 356 element was found exclusively in the epidemic strains from Ontario 
and the United Kingdom, being detected in 94.7% (36 of 38 isolates) of B, cepacia ET12 isolates. Of the two 
ET12 isolates found to be devoid of the \S402-\S1356 element, both contained IS1356 unassociated with IS402, 
one was temporally unrelated to the epidemic, and the other was from a CF patient in a geographic area remote 
from Ontario and the United Kingdom. It is evident that the IS402-IS1356 hybrid element, the cblA pilin 
subunit gene, and the allelic suite represented by multilocus enzyme electrophoretic type ET12 may provide 
useful markers for the epidemic, highly transmissible transatlantic strain isolated in Ontario and the United 
Kingdom. 



Burkholderia cepacia is an aerobic gram-negative bacillus 
commonly found throughout the environment and as a phyto- 
pathogen causing soft rot in onions (1). Over the past decade, 
however, strains which cause opportunistic infections in hu- 
mans, most notably in cystic fibrosis (CF) patients, have been 
encountered with increasing frequency, leading to an increase 
in morbidity and mortality (12, 38). Among non-CF patients 
extrapulmonary nosocomial infections have more recently 
been reported (21). 

Although the mechanism of virulence of B. cepacia isolates 
has not been elucidated (19), isolates from CF patients have 
been shown to adhere to mucin (26) and buccal epithelial cells 
(27). There may also be a correlation between the source of B. 
cepacia isolates (e.g., environmental and CF-associated epi- 
demic and nonepidemic isolates) and the particular class of pili 
expressed (9). The implications of being colonized with B. 
cepacia isolates are a growing concern in the CF patient com- 
munity, and markers of strain virulence are eagerly sought. 
Enhanced transmissibility and virulence appear to be strain 
dependent, and epidemic lineages are being defined anecdot- 
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ally and genetically (10, 13, 17, 33-36). To date, studies have 
indicated cross-infection between patients (10, 17, 25, 31) and 
nosocomial acquisition (20) as important parameters of trans- 
mission. 

In attempts to limit the spread of B. cepacia strains, many 
clinical centers now segregate colonized and noncolonized CF 
patients. This has proved to be successful but is limited by the 
social contacts between patients outside of the hospital setting 
that is the norm for CF patient groups, especially adults (10, 
17, 31). 

Many studies involving B. cepacia strains have focused on 
their truly extraordinary potential to metabolize a wide variety 
of organic compounds. It is currently thought that this meta- 
bolic versatility may, in part, be the result of the genomic 
complexity (24) and the large number of insertion sequence 
(IS) elements identified in B. cepacia strains (7, 15). IS ele- 
ments have the ability to promote genomic rearrangement, 
recruit foreign genes, and cause insertional gene activation. 
Indeed, most of the IS elements in ft cepacia isolates have 
been identified by observing these features (16). The effect of 
IS elements on the genes with which they are associated is well 
documented (8), and it is conceivable that they may act genet- 
ically to increase the transmissibility and pathogenicity of cer- 
tain strains of B. cepacia. 

We originally identified the strains obtained by Govan et al. 
(10) in 1993 and ourselves (13, 25), from the United Kingdom 
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TABLE 1. Oligonucleotide primers used to detect the various IS 
elements and cblA pilin subunit gene in B. cepacia 



Target 
gene 



Primer sequences 



Amplicon 
size (bp) 



\S402 

IS406 

\S407 

\S408 

\S1356 

cblA a 



A: 
B: 
A: 
B: 
A: 
B: 
A: 
B: 
A: 
B: 
A: 
B: 



5'-CAA 
5'-GCT 
5'-GAC 
5'-AAG 
5'-TCA 
5'-CGG 
5'-TTG 
5'-TCG 
5'-GGC 
5'-TCC 
5'-CCA 
5'-ACG 



CCG 
GCT 
GGT 

ccc 

TCG 
AAG 
AAG 
ACT 
CCT 
GGC 
AAG 
CGA 



AGA 
TGC 
GGG 
TGA 
GGT 
CGA 
GAA 
TCG 
GAA 
GAC 
GAC 
TGT 



CTG 
CAA 
TCT 
GTC 
TTC 
GCT 
GTC 
CCC 
GAA 
ACC 
TAA 
CCA 



AGG 
TCG 
GAC 
CCT 
TGA 
GCA 
CTG 
AAT 
GGC 
TCG 
CCC 
TCA 



AGA TG-3' 
CGC TC-3' 
GCC AT-3' 
CGT CG-3' 
AGG AA-3' 
CGG TC-3' 
CGA CT-3' 
CCT TG-3' 
GAT AT-3' 
ATG CC-3' 
A-3' 
CA-3' 



250 
450 
750 
370 
327 
610 



a Primers were first described by Sajjan et al. (28). 



and Canada, respectively, as having an identical enzyme elec- 
trophoretic allotype (electrophoretic type 12 [ET12]), the first 
direct evidence that the anecdotal association of Canadian B. 
cepacia strains currently endemic in Ontario and those causing 
an epidemic in the United Kingdom were the same. In the 
present study, the frequencies of occurrence of various IS 
elements were studied in our collection of clinical B. cepacia 
strains to determine if any relationship exists between these 
genetic modifiers and electrophoretic type (ET) or ribotype 
(RT). Additionally, a recent publication by Sun et al. (36) 
described the presence of novel cable pili in the epidemic clone 
described above, and our collection of strains was therefore 
also screened for the presence of the cblA pilin subunit gene. 



conditions consisted of an initial denaturation of 2 min at 94°C; this was followed 
by 30 cycles of 30 s at 94°C, 30 s at 60°C, and 30 s at 72°C. Following amplifi- 
cation, the samples were incubated at 72°C for 10 min and were then cooled to 
4°C. Amplicons were detected by electrophoresis in 2% agarose and staining with 
ethidium bromide (29). 

Vectorette PCR was performed as described previously (23) by using primer 
\SJ356-A (Table 1) as the target primer. Vectorette libraries were constructed 
with NAs from strain LCDC 92-498 (ET12, RT20) for BamH\, Bell, flfc/II, 
Eco RI, tfmdlll, Nhel, Sail, Spcl, and Xbal. This isolate is a member of the group 
of strains implicated in the spread of B. cepacia ET12 between the United 
Kingdom and Canada (10, 13, 31). Amplification was performed as described 
above by using a two-step thermocycling profile of 30 cycles of 94°C for 30 s and 
72°C for 3 min. The reaction mixtures were analyzed on a 1% low-melting-point 
agarose gel, and the resulting amplicons were excised from the gel and purified 
with the Wizard PCR Prep Purification system (Promega, Madison, Wis.). 

Cloning and sequencing of IS402-IS/J56. A bacteriophage library was con- 
structed from strain LCDC 92-498 by using the ZAP Express Cloning Kit (Strat- 
agene, La Jolla, Calif.). The probe was prepared by amplifying NA from strain 
LCDC 92-498 with the primers IS/3J6-A and IS1356-B (Table 1) in the presence 
of digoxigenin-1 l-uridine-5 '-triphosphate (DIG). PCR conditions were identical 
to those used to detect the IS; however, the deoxynucleoside triphosphates were 
substituted with DIG Labeling Mix (Boeh ringer Mannheim). Positive clones 
were identified with the DIG DNA Detection Kit (Boehringer Mannheim) 
according to the manufacturer's directions. After purification of the bacterio- 
phage clones, the phage m ids were excised as directed in the ZAP Express Kit 
and plasmid DNA was purified with the Quiawell Plus Plasmid purification 
system (Quiagen, Chatsworth, Calif.) as recommended by the manufacturer. 

Sequencing was performed on an ABI 373 automated DNA sequencer by 
using the Prism Dye Terminator sequencing kit (Applied Biosystems). Sequenc- 
ing primers were designed on the basis of the acquired data as required to 
complete the sequence. Sequence analysis was performed with the various pro- 
grams supplied with PG/Gene (Intelligenetics, Mountain View, Calif.) and La- 
sergene (DNAStar, Madison, Wis.). Phylogenetic analysis was performed with 
PAUP, version 3.0 (37). 

IS designation and nucleotide sequence accession number. The IS/356 des- 
ignation was from Esther M. Lederberg (Stanford University School of Medi- 
cine, Stanford, Calif.), under the auspices of the Plasmid Reference Centre 
Prefix Registry. 

The IS402-IS1356 sequence has been assigned GenBank accession number 
U44828. 



MATERIALS AND METHODS 

Bacterial strains, nucleic acid preparation, ribotyping, and multilocus enzyme 
electrophoresis. The collection of strains used in the investigation consisted of 99 
isolates of B. cepacia, most of which were previously characterized for their ETs 
and RTs (13). Strains were grown overnight on Columbia blood agar base 
(Quelabs, Montreal, Quebec, Canada) at 37°C in 5% C0 2 prior to nucleic acid 
(NA) extraction. The isolates were originally obtained as isolates either from CF 
patients or from nosocomial outbreaks, and they were maintained in the culture 
collection of the Laboratory Centre for Disease Control, Ottawa, Ontario, Can- 
ada. Two of the strains investigated were American Type Culture Collection 
(ATCC) reference strains of environmental origin (ATCC 17759 and ATCC 
25416). Procedures for NA purification, ribotyping, and multilocus enzyme elec- 
trophoresis were as described previously (13). 

Oligonucleotide primers and PCR amplification. The sequences of the oligo- 
nucleotide primers designed to detect the various IS elements and the pilin 
subunit gene are summarized in Table 1 and are based on the published se- 
quences for \S402 (6), \S406 and \S407 (41), IS408 (2), and cblA (36). Primers for 
the detection of IS/356 were designed on the basis of the sequence data acquired 
in the present investigation. All primers were synthesized on a 392 DNA-RNA 
Synthesizer (Applied Biosystems, Foster City, Calif.) by using standard phos- 
phoramidite chemistry. Amplification was performed in a PE9600 thermocycler 
(Perkin-Elmer Cetus, Foster City, Calif.), with PCR mixtures containing 0.2 mg 
of NA per ml, 200 mM deoxynucleoside triphosphate, 1 mM (each) primer in the 
pair, 50 U of Tag polymerase (Boehringer Mannheim, Laval, Quebec, Canada) 
per ml, and 1 X reaction buffer supplied by the manufacturer. Thermocycling 



RESULTS 

Frequency of targeted IS elements in B. cepacia. The fre- 
quencies of occurrence of targeted IS elements in B. cepacia 
isolates from environmental, nosocomial, and CF patient 
sources are recorded in Table 2. Overall, IS402 was found in 
68.7% of the isolates, IS406 was found in 22.2% of the isolates, 
IS407 was found in 48.5% of the isolates, IS408 was found in 
53.5% of the isolates, and IS1356 was found in 71.7% of the 
isolates. In addition to these IS elements, primer sets were also 
designed to amplify \S401 (2), but no amplicons were detected 
in this collection of isolates (data not shown). There were no 
apparent linkages between the presence of these IS elements 
and an ET or an RT, with one notable exception. The primers 
targeting IS402, in addition to detecting the IS element, also 
primed an additional amplicon of approximately 650 bp in 
some isolates. This anomaly was restricted to strains desig- 
nated ET12, which is the ET of isolates documented to be 
highly transmissible in CF patients (10, 13, 31). Sequence data 
revealed that the 650-bp amplicon consisted initially of the 



TABLE 2. Distribution of IS elements in B. cepacia isolates 



Source 


No. of 




No. (%) of isolates with the indicated IS element 




isolates 


[S402 


\S406 


\S407 


\S408 


IS/356 


IS402-IS1356 


Environmental 


2 


0 (0.0) 


0 (0.0) 


0(0.0) 


0 (0.0) 


1 (50.0) 


0 (0.0) 


Nosocomial 


15 


10(66.7) 


7 (46.7) 


2(13.3) 


12(80.0) 


4 (26.7) 


0(0.0) 


CF patients 


82 


58 (70.7) 


15 (18.3) 


46 (56.1) 


41 (50.0) 


66 (80.5) 


36 (43.9) 


Total 


99 


68 (68.7) 


22 (22.2) 


48 (48.5) 


53 (53.5) 


71 (71.7) 


36 (36.4) 



1612 TYLER ET AL. 



J. Clin. Microbiol. 



GACASCTCSGGCGGCCTTCCTTGACAACCTTA CACACSCTTTCAAAAACCCCCCGTGCGCCTCTTAACTTCCGCCGCGACCTGTTAACCTCAGGCATCG1^ACAACT^(^CCCAGGACA 120 
TGGCCAAGCCGATCATTGACGACGAACCGTGGACATTGATCGAGCCGTTATTGCCGCCACCCAAGCGAGCCTATCCGAACTTTTGTGTGTGAGGCATAAACTGATGCCCAACCACCCACC 240 

TTATGCCACGCAAACGCAAGGAAGAAGTGCCGGTAGAACCGGGCAAGGCCTTGAACCTGGACCCGGAACTCATCAAGCAACTGGTGCCCCCAACGCTGCATCGGGCTTCGATCAACGAGC 360 

flPRKRKEEVPVEPGKCLNLDPEL 1 KQLVPGTLQRASINC 

mym 

AATTCGCGGCCCTGAAGAAGGCGATATTCGAGCGCGCGCTGGGCGGCGAACTGACCCACCACCTGGGCTACGAGAAGGGCGATGCCAACCCGGCGGGCCGCACGAACCATCGCAACGGCA 480 
QFAALKKAirERALGGELTHHLGYEKGOAKPAGRTNHRNC 

mm 

CCAGCCCTAAGCGCATCGCGACCGACGATGATCTGCTCGACATCGAGATTCCGCGCGACCGCGAAGGCACGTTCSATCCGGTGCTGATTGCCAAGGGCGAGCGACCCTTCACGGGCTTCG 600 

TSRKR 1ATDDDLLD1E IPRORECTFDPVL I AKGERRFTQF 

oiaet 

ACGACAAGATCATTGCGATGTACGCACGGGGCATGAGCGTGCGGGAGATTCAGGGTTTCTTGCTGGAGATGTACGGCATCGAGGTGTCCCCGGAATTCATCAGCACGGTGACCGACGCCC 720 
00X1 1 AHYARCMSVREIQQfLLEMYQIEVSPEF ISTYT, OA 

TGATCGACGAAGTCCGCGAGTGGCAGCAGCGGCCGCTTGAGCCGATGTACCCGGTCGTGTTCTTCGACGCCTTGCGAGTCAAGATCCGCGACCAACGCGTCGTGCGCAACAAGGCGATCT 640 

V I DEVREWQORPLEPHYPVVFFDALRYK 1 RDEGVVRNKA I 

BUM 

ACCTGGCGCTGGGCGTGCGCCGCGACGGCACACGCGACGTGCTGGGCCTCTGGATCGAGCAGACCGAGGGCGCCAAGTTCTGGCTGCGGGTGGTCAACGAGCTGAAGCTGCGCGGCGTGC 960 
YLAtQVRRPGTRDVLCLWieoTECAKFWlRVVHSLKLRGV 



AGGACATTCT6ATCGCCGTC6TCCACCGCCTCAAGCCCTTCCC6GAAGCCATCAACACCGTGTTCCCGGAAACGACGGTCCAGACCTGCATCGTGCATCTGATCCGCAACTCCCTCCACT 1080 

00 I L lAVVDGLKGFPEA INTVFPETTVQTCI VHL I RMSLO 

oiaa> 

TCGCCAGTTGGAAGGACCGGAAATCGGTCCCGGCGGCGCTCAAGGAAGTCTATCGGGCACCGTCGGCCGAAGCGGCCGCCGTGGCGCTGGACGCGTTCGATACGAGCCCGTGGGGTACGA 1200 
FASWKORKSVAAALKCVYRAPSAEAAAVALOAFPTSPWCT 

m%m 

AArACCCTCCGATTGCCGCGCTCTGGCGCCGGGCCTGGCATCAGGTGATTCCGTTCTACGCCTTCGCGCCCGACATCCGGAAAATTGTATATACGACCAACGCGATCGAGTCGCTGCATA 1320 

KYPP 1 AAtWRRAWOQV IPFYAFAPD1 RK I VYTT N A I ESLH 

131 »• 

TGCAGCTTCGAAAGATCATCAAGGCGCGCGGCCACTTCCCGTCGGACGAGGCCGCGCTCAAACTGATCTGGCTGCCGCTGCGCAACGTCGTGGCCAACTGGACCGGCTCTCGGCACCATT 1440 
HQLRKI 1 KARQHFPSOEAALKL 1 WLALRNVVAKWTCSRHD 

GGAAGAGCGCGATGACCCAGTTCGCGCTGCTTTACCCCGAACGATTCAACATTGGAATCTGAATCTCAACCC GCCTCACACACGGAATTCCGGATACCT CCACCCAA6CCGCGGCCCCAG 1560 

WKSAHTQFALLYPERFNICI I WW** IP>**^ 

mm II pea 

AAAAACCCAGGCCGCCTGCCTGTTTCGAATCGCGCCGCGCTGACCGGCATCCTGTTCGTTCTCAACACCGGACTGCQCTGGCGCGACCTGCCCGCCGACATGGGCTGCGGCTCGGGCGTG 1660 

tarn 

ACTTGCTGCCGACGGCTACCCGATTGGCAGGCTCCGGGCGTATGGQATCCCCTGCACCAATTCCTQCTTGCGAACCTQCGAGCAGCAGACCAAATCGATTTCTCGCGACCCCCAGTCGAT 1600 
TCCTCATCGATTCGCCCCGTTGCCGCGCGCCAAAAACTGGCCCAAACCCCACCGATCCCGCCCCACCAGGTTCTAACCACCACATCCTCACCCACGCCAATCCCACCCCCCTCCCCCCGA 1920 
TCCTGACCGGCGCCAACGTTCACGATGTCACGCAGCTGCTGCCGCTGATCGATGCGATTCCGCCAATTCGTGGGTTGCGCGGCCACCCACTGCAGAGACCGCGCGTGGTCTACGCCGATC 2040 
GCGGTTACGACTCTQAQCQGCATCGACCCGCGTTGCGCGATCGCQQTATCGAQCCGGTTATCGCCAAGCCCCGCACCCAACATGGCAGCCGCCTTGGAAAATATCGCTCGGTCQTTQAAC 2160 

BM08 

GCACGCATGCCTGGCTGCATCACTTCCCTCGTCTCCGCATTCQTTTCCACCGCCCTGCAGACATTCACGGCGCGTTCCTCAAACTCGGTTGCTGCCTGATCTGCTGCAATACCCTTCGCC 2200 

GGGCCGACCAGTC7TTATGAAACCGTCTCTTAATTTGTCATATTGATCACGACTATTTCTCATGGCATTCTTTCCTCCAGA 2381 
«« "I 

FIG. 1. Nucleotide sequence of IS402-IS1356 and the amino acid sequence of the putative transposase of IS 1356. The pertinent features of the \S402- IS/ 356 
element are illustrated below the nucleotide sequence. The locations of IS402 and IS/356 and their terminal inverted repeats are shown by the open boxes. The 10-bp 
duplication of \S402 due to the insertion of IS/356 is indicated by the solid bars. 



IS402 sequence, but this was interrupted after 154 bp and was 
succeeded by the sequence of IS/356. 

Cloning and characterization of IS402-IS1356. Through the 
use of the vectorette PCR, an amplicon of approximately 1,300 
bp was obtained from the Bell library and was used for se- 
quencing. The Bgll and EcoRl libraries also produced ampli- 
cons, but these were considerably smaller in size and were not 
investigated further. After sequencing of the amplicon, further 
attempts at "gene walking" through the use of vectorette PCR 
proved unsuccessful because of the large number of unresolv- 
able amplicons obtained. From the bacteriophage library 10 
candidate clones were selected for sequencing and allowed for 
the identification of three different insertion sites. Insertion 
into IS402 is shown in Fig. 1. The two other sites identified 



were 5'-CTGACCGGCGG-IS/356-CCACCGGTGA-3' and 
5'-CGTTGTCTCG-IS/356-3'. The clone containing the latter 
insertion site did not contain the full IS/356 sequence, and 
therefore, the 3' insertion sequence is not known. 

The IS402-IS/356 element consists of the IS402 reported by 
Ferrante and Lessie (6), including the 3-base duplication (5'- 
TTA-3') at the insertion site. Although certain sequence dif- 
ferences were detected between the IS402 sequence reported 
previously and the one present in the hybrid, these difference 
were not considered significant. The \S402 sequence is inter- 
rupted after 154 bases by IS/356, resulting in a 10-bp duplica- 
tion at the insertion site. IS/356 is 1,353 bp in length and 
terminates at either end by imperfect inverted repeats. The 
left-hand inverted repeat (IRL) is 27 bp in length and the 
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FIG. 2. Phylogenetic relationships among the putative transposases of vari- 
ous IS elements and that of IS1356. The dendrogram was generated after 100 
bootstrap replications of branch-and-bound searches by using PAUP, version 3.0. 
The numbers along the branches indicate the branch lengths, and the numbers at 
the branch nodes are the respective bootstrap values. The transposases com- 
pared with that of IS/ 356 were those found on \SRm3 from R. meliloti (40), \SCd 
from Corynebacterium diphtheriae (22) (ISCtf is an unofficial designation for this 
element), IS90J from Lactococcus iactis (5), IS/797 from Streptococcus ther- 
mophilic (11), IS/207 from Lactobacillus helveticus (39), \SRm5 from R. meliloti 
(14), IS406 from B. cepacia (41), IS/0S7 from Mycobacterium bovis (4), and IS256 
from Staphylococcus aureus (3). 



right-hand inverted repeat (IRR) is 29 bp in length, with seven 
mismatches over the common region. IS/556 contains one 
major open reading frame of 1,260 bp which codes for a pu- 
tative transposase. This transposase showed significant homol- 
ogies to several others found in the Swiss-Prot 31 database, 
with the most significant homologies of 59% to \SRm3 found in 
Rhizobium meliloti (40) and 49% to an undesignated IS found 
in Corynebacterium diphtheriae (22). The phylogenetic relation- 
ships between several of the more closely related transposases 
are shown in Fig. 2. 

In order to determine if the IS402-IS1356 element had a 
conserved insertion site, primers which would amplify either 
the 5' or 3' insertion sites were designed, and the resulting 
amplicons were sequenced (data not shown). All isolates in 
which the 1S402-IS1356 hybrid IS element was detected 
yielded an amplicon of the predicted size with a sequence 
identical to that originally identified. 

Distribution of targeted IS elements and cblA pilin subunit 
genes among several B. cepacia ETs. Table 3 summarizes the 
distributions of the IS elements and the cblA pilin subunit 
genes in our collection of 99 strains representative of 20 ETs. 
When IS/556 was detected in strains, the primers did not 
permit discrimination between IS elements found as the hybrid 
and IS/556 located at other sites. The initial identification of 
the IS402-IS1356 element was accomplished by observing the 
650-bp band obtained with the IS402 primer set; however, in 
these strains successful amplification of the target was difficult 
to reproduce, so the presence of the hybrid was confirmed by 
screening all isolates with the IS402-A and IS/556-B primers to 
obtain a 592-bp amplicon (data not shown). 

Two of the ET12 isolates studied were found to lack the 
1S402-IS1356 element. One of these isolates was found to 
possess all of the other IS elements investigated except IS406, 
and the other possessed IS408 and IS/556. Neither of these 
two ET12 isolates lacking the hybrid element were clearly 
associated with the epidemic, in that one is a reference strain 
used many years ago to establish the serotyping scheme for B. 
cepacia (18) and the other came from a CF patient resident in 



TABLE 3. Distribution of targeted genes in B. cepacia strains representing 20 ETs 

No. of No. of isolates with the indicated IS or gene 
ET isolates Source 0 





tested 




1S402 


IS406 


\S407 


IS408 


IS/J56 


IS402-IS1356 


cblA 


1 


1 


CF 


1 


0 


1 


1 


1 


0 


0 


2 


1 


CF 


1 


0 


1 


0 


0 


0 


0 


3 


1 


NS 


1 


0 


0 


1 


0 


0 


0 


4 


2 


CF 


0 


0 


0 


0 


1 


0 


0 


5 


1 


CF 


0 


0 


1 


0 


0 


0 


0 


6 


3 


CF 


0 


0 


0 


0 


2 


0 


0 


7 


1 


CF 


0 


0 


0 


0 


0 


0 


0 


8 


2 


NS 


2 


1 


2 


1 


0 


0 


0 


9 


1 


ENV 


0 


0 


0 


0 


0 


0 


0 


10 


1 


NS 


0 


0 


0 


1 


0 


0 


0 


11 


5 


NS 


1 


3 


0 


4 


2 


0 


0 


12 6 


38 


CF 


37 


10 


37 


32 


38 


36 


38 


13 c 


1 


CF 


1 


0 


1 


0 


1 


0 


1 


14 


1 


CF 


0 


0 


1 


0 


1 


0 


0 


15 


1 


NS 


1 


0 


0 


1 


1 


0 


0 


16 


18 


CF 


9 


2 


2 


1 


18 


0 


0 


17 


12 


CF 


10 


2 


2 


7 


5 


0 


0 


18 


4 


NS 


4 


4 


0 


4 


0 


0 


0 


19 


1 


ENV 


0 


0 


0 


0 


1 


0 


0 


20 


4 


CF 


0 


0 


0 


0 


0 


0 


0 



a CF, CF patient; ENV, environmental; NS, nosocomial. 

h Epidemic transatlantic clone (Canada and the United Kingdom). 

c Isolate from a Canadian CF patient in a province remote from Ontario and with no known epidemic association. 
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a remote area of northern Ontario with no known association 
with areas of the provincial epidemic in the south. The cblA 
pilin subunit gene was found in all ET12 isolates tested and 
one strain of ET13 from an adult CF patient in a province 
remote from Ontario. There is no documented evidence of an 
epidemic association or the spread of this single ET13 isolate, 
which differs in only one esterase allele from ET12 and which 
is IS402AS1356 negative (Table 3). The cblA amplicon from 
this isolate was subjected to sequence analysis and was found 
to be identical to that in the ET12 isolates (data not shown). 

DISCUSSION 

In our earlier study (13), we demonstrated that while RTs 
appear to be highly variable in a geographical context, ETs 
seem relatively stable in a population of B. cepacia isolates 
from particular clinical sources and may, in fact, be the best 
indicator of a clonal distribution. Considering the large num- 
ber of ISs know to reside in B. cepacia strains and their pro- 
pensity to cause genetic rearrangements, the variability of RTs 
is not surprising. Since a number of IS elements found in B. 
cepacia isolates have been shown to affect the expression of 
associated genes in other circumstances (6, 16, 30, 41), we 
questioned if there were any linkages between carriage of 
particular IS elements, transmissibility, and/or virulence and 
ET type. 

During the course of our investigations we succeeded in 
identifying a previously unreported IS element, which has been 
designated IS/556. This sequence has a structure typical of ISs 
in that it is terminated by inverted repeats, contains an open 
reading frame which spans virtually its entire length, and codes 
for a putative transposase. An interesting feature of IS/556 is 
the high degree of similarity of the transposase to a variety of 
others identified on IS elements from a wide distribution of 
organisms. During the characterization of IS/?m5, Laberge et 
al. (14) observed that there appears to be a family of IS ele- 
ments, of which IS/556 is now a member, which share a com- 
mon ancestry, even though the hosts of these IS elements are 
from highly divergent bacterial families. From an evolutionary 
standpoint these similarities are quite intriguing. Similarities 
between IS elements from B. cepacia and R. meliloti strains 
could possibly be explained by their close association with 
respect to environmental habitat, but the ancestral relationship 
between these organisms and the other members of this family 
is difficult to fathom. Another interesting feature of IS/556 is 
its insertion into IS402. While this arrangement is not unprec- 
edented (14, 32), it proved to be unique to a particular clonal 
cluster of B. cepacia (the ET12 cluster) and was not found in 
other isolates. In addition, the site of insertion of the IS402- 
IS/556 element was identical in all of the isolates investigated, 
further supporting the clonal nature of this group of isolates. 

Although a large number of IS elements have been identi- 
fied in B. cepacia strains, our study of their distribution was 
limited by the fact that only a small number of these have been 
sequenced. For those for which sequence data were available, 
no relationship between ET, RT, and IS carriage was found 
with the exception of the association of the IS402-IS/556 ele- 
ment with ET12. The IS402-IS/556 element was only found in 
B. cepacia strains isolated from CF patients and was restricted 
to ET12, with 36 of 38 (94.7%) of these isolates harboring the 
hybrid. Two of the 38 ET12 isolates examined lacked the 
IS402-IS/556 element, although they both contained IS/556 
alone. Neither strain could be directly linked to the epidemic 
clone, because one was an early isolate used to establish a 
serotyping scheme and therefore was temporally unrelated and 
the other was isolated from a CF patient living in a remote 



location in Ontario with no obvious connections to the urban 
epidemic in that province. 

The current study did not directly address this issue; how- 
ever, it was noted that there appeared to be a certain bias in 
the distribution of IS elements among the clinical isolates with 
respect to the source of the host from which the strains were 
isolated. The IS elements 1S406 and IS408 appeared more 
frequently in nosocomial isolates, whereas the IS elements 
\S407 and IS/556 appeared more frequently in isolates from 
CF patients. IS402 was equally distributed between the two 
groups, and the IS402-IS 1356 element was found exclusively in 
CF patients and was restricted to ET12 isolates. Admittedly, 
the number of nosocomial isolates investigated was low and a 
wider sampling may alter the apparent bias in IS element 
distribution; however, it is also possible that this bias may 
reflect an ancestral branching of B. cepacia strains with respect 
to their clinical significance and association with a particular 
disease manifestation. 

At present it is not known if the IS402-IS/556 element is 
linked to the apparent increase in transmissibility and viru- 
lence of B. cepacia ET12, only that there is an "association." It 
is quite possible that the hybrid IS is simply a marker for this 
particular lineage of B. cepacia. Although the present study 
was not designed to demonstrate a direct effect of IS elements 
on virulence, the possibility of this type of association is not 
precluded. The importance of IS elements in the adaptability 
of B. cepacia isolates should not be ignored, and while they 
may not be directly related to virulence, they may, nonetheless, 
play an important indirect role in pathogenicity by assisting in 
the acquisition of virulence factors in certain strains. 

The pathogenicity of B. cepacia and the implications of col- 
onization with this organism are of considerable interest to 
those involved in the management of CF patients. Anecdotal 
evidence has recently linked a highly transmissible ET12 clone 
currently endemic in Ontario, Canada, to that causing an 
epidemic in the United Kingdom (10, 13). Sun et al. (36) 
demonstrated that the infectious, transatlantic clone was char- 
acterized by both cblA gene sequences and a similar chromo- 
somal fingerprint. In the current study we found that the cblA 
pilin subunit gene was present in 100% (38 isolates from 18 
patients) of the epidemic ET12 isolates in our collection of B. 
cepacia strains. However, it was also found in one ET13 isolate 
from an adult CF patient living in a province which has never 
been particularly associated with epidemics of any nature. 
Since Sun et al. (36) also identified a single unrelated isolate 
with a divergent cblA NA sequence, the PCR amplicon from 
our ET13 isolate was sequenced and was found to be identical 
to that characterized for the epidemic strain. In view of this 
evidence it would appear that, upon a wider sampling, the cblA 
pilin subunit gene may prove to be more invariant among 
unrelated strains than reported by Sun et al. (36). 

In addition to the cblA pilin subunit gene association, Sun et 
al. (36) also presented limited ribotyping data and phyloge- 
netic analysis which appeared to support the clonal nature of 
these strains. In their investigation, two very similar ribotype 
patterns were identified for the epidemic strains, and it was 
suggested that this general profile could also be used to iden- 
tify these strains. However, in our earlier work (13), in addition 
to the two RT patterns identified by Sun et al. (36), we iden- 
tified five other RT patterns within the epidemic strains using 
an identical methodology. It should also be noted that the 
group of bands which were invariant among the ET12 isolates 
were also seen in other unrelated isolates of various ETs. With 
this in mind it would appear that the claims made by Sun et al. 
(36) as to the usefulness of ribotyping as a screening method 
were somewhat premature and perhaps overly optimistic. 



VOL 34, 1996 



CARRIAGE OF IS402AS1356 IN EPIDEMIC B. CEPACIA STRAINS 1615 



In view of the potential impact on future protocols for the 
management of B. cepacia -colonized CF patients, caution is 
advised in the screening of isolates solely on the basis of mark- 
ers attributed to a single highly transmissible strain. It is clear 
that the cblA pilin subunit gene, the ET12 genotype, and the 
IS402-IS1356 element appear to correlate well with this one 
particular epidemic strain, and the ability to identify this clone 
is not without value. However, as Sun et al. (36) also acknowl- 
edge, other distinct and highly transmissible epidemic lineages 
for which no genetic marker is currently available appear to 
exist. If any of these methods were prematurely implemented 
to screen CF patients, we would risk placing patients in the 
wrong groups, and the consequences in the case of these CF 
patients would be clinically and personally tragic. 

The genome of B. cepacia is exceedingly complex, having 
three large chromosomal elements and a large plasmid, an 
arrangement apparently unique among eubacteria (24), and 
more genes involved in metabolism and pathogenicity need to 
be identified in order to provide important information on the 
virulence of clinical isolates. In view of the current data, it 
would appear that several genetic loci may need to be charac- 
terized and to agree in order to accurately assign clinical iso- 
lates to epidemic lineages. Until more is known about the 
pathogenicity of B. cepacia and the resulting implications to 
the CF community, we recommend that caution be applied 
before establishing any definitive phenotypic or genotypic 
screening criteria. 
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Genotypic and phenotypic relationships in Burkholderia 
cepacia isolated from cystic fibrosis patients and the 
environment 
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P. wigley and n.f. burton. 1999. Twenty-one strains of Burkholderia cepacia isolated 
from the environment, and 21 clinical strains isolated principally from sputum of cystic 
fibrosis (CF) patients, were characterized genotypically by macrorestriction anaivsis 
(genome fingerprinting) and PCR ribotyping, and phenotypically by susceptibility 
to antibiotics and the ability to macerate onion tissue. The plasmid content of the 
strains was also investigated. Environmental isolates showed a high degree of genetic, 
variability, all strains differing from both one another and the CF isolates. The CF 
isolates were less variable, with common strains found in patients attending three 
geographically distinct CF centres. Phenotypic variation was found both within and 
between CF and environmental strains. Generally, CF isolates displayed higher 
levels of antibiotic resistance, while the ability to macerate onion tissue was more 
prevalent amongst environmental isolates. Plasmids were more frequentlv found 
in CF isolates, but were of similar size in both groups of strains. Such variability is not 
surprising in view of the existence of multiple genomovars within the B. cepacia complex. 



INTRODUCTION 

The Gram-negative bacterium Burkholderia cepacia was orig- 
inally described as a phytopathogen of onion (Burkholder 
1950) and subsequently as a saprophyte in soils and waters 
(Morris and Roberts 1959). More recently, it has emerged as 
an opportunistic pathogen of man, particularly among cystic 
fibrosis (CF) and chronic granulomatous disease patients 
(Govan etal. 1996), as a nosocomially acquired infection in a 
hospital intensive care unit (Pegues etal 1996), and amongst 
oncology patients (Pegues etal 1993). Burkholderia cepacia 
displays intrinsic resistance to a range of antibiotics (Wil- 
kinson and Pitt 1995), shows diverse degradative properties 
including the degradation of recalcitrant polychJorinated aro- 
matic compounds, and produces a number of compounds 
antagonistic to phytopathogenic fungi. Such properties have 
led to interest in B, cepacia as a possible agent of bio- 
remediation or biocontrol (Govan etal. 1996). 
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Characterization of B. cepacia infecting CF patients in 
epidemiological studies in the UK (Govan etal. 1996; Pin 
etal. 1996) and the USA Qohnson etal. 1994) has shown 
strong evidence of an epidemic strain of B. cepacia, and til* 
person-to-person transmission amongst CF patients. The risk 
posed to CF patients from environmental reservoirs of B. 
cepacia strains and the relationship between clinical ant! 
environmental isolates is unclear, with contradictor)' evidence 
for phenotypic differences between isolates from CF patients 
and the environment (Govan etal. 1996). Isolates from CF 
patients and nosocomially acquired infections have been 
shown to be incapable of causing the maceration of onion 
tissue in vitro whereas environmental isolates have been 
shown to macerate onion tissue and display high levels nt 
pectinolytic activity (Gonzalez and Yidaver 1979; Bevivino 
etal. 1994). However, a number of other CF isolates, includ- 
ing the epidemic strain, have been shown to cause maceration 
of onion by other workers (Butler etal, 1995). The inability 
of environmental isolates to adhere to human uroepithc!i;if 
cells has been suggested as evidence that environmental H. 
cepacia is incapable of causing infection in man (Beviviim 
et al. 1994), though more recent evidence has suggested that 
the environment may be a potential source of infection to Q : 
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patients (Cazzola etaL 1996). Such contradictory evidence 
has led to caution being advised in the use of B. cepacia as an 
agent of bioremediation or biocontrol until the relationship 
between clinical and environmental isolates of B. cepacia has 
been fully assessed (Butler etaL 1995; Goran etaL 1996). 

Phenotypic differences between B. cepacia strains such as 
those described above, along with genetic variability in both 
environmental and clinical isolates (Pitt etaL 1996; Wise etaL 

1996) , have led to suggestions that the phylogeny of the 
species should be revised (Govan etaL 1996; Vandamme etaL 

1997) . Yohalem and Lorbeer (1994) placed B. cepacia isolates 
into four groups or phenoms on the basis of a range of 
phenotypic properties. Genomic fingerprinting by pulsed 
field gel electrophoresis (PFGE) and arbitrarily primed PCR 
(AP-PCR) found four distinct genetic groups or genomovars 
amongst clinical and environmental isolates of B. cepacia 
(Vandamme 1995; Revets etaL 1996). Genomovars have been 
defined as genetically different groups of bacteria that are 
indistinguishable by current phenotypically based typing 
methods (Ursing etaL 1995). Recent evidence has suggested 
that B. cepacia is formed by a complex of five genomic species: 
B. cepacia genomovars I, IT and IV, B. vietnamemis and the 
newly proposed species, B. multivorans (Vandamme etaL 
1997). 

Although strains of B. cepacia infecting CF patients in 
the UK and North America have been well characterized 
phenotypically and by molecular typing methods (Pitt etaL 
1996; Henry etaL 1997), there has been little charaterization 
of environmental isolates found in the UK. Butler etaL (1995) 
investigated the phenotypic properties of 12 environmental 
isolates of B. cepacia and undertook genomic analysis by 
macrorestriction digests followed by PFGE. These isolates 
were found to differ both genetically and phenotypically from 
each other and from isolates infecting CF patients. However, 
most of these isolates were obtained from tropical houses in 
botanical gardens. These isolates could be described as com- 
ing from an unusual habitat in terms of the environmental 
population of B. cepacia that occurs in the UK, and CF 
patients are much less likely to come into contact with such 
isolates than with those occurring in the natural rural and 
urban environment of the UK. In this study, isolates obtained 
from the environment (soils, rhizosphere and waters) from 
both urban and rural areas were characterized phenotypically 
by their ability to macerate onion tissue in vitro (Lelliott and 
Stead 1987) and their susceptibility to a range of antibiotics, 
genetically through molecular typing by PCR ribotyping, 
PFGE macrorestriction analysis, and through their plasmid 
content and size. These isolates were compared with B. cepa- 
cia strains isolated from CF patients living in the South Wales 
area, and with isolates from other European CF centres, to 
investigate relationships and variations between B. cepacia 
isolates from CF patients and those in the environment to 
which the patients may be exposed. 



MATERIALS AND METHODS 



Bacterial strains 



Twenty-one environmental strains were isolated from soils, 
waters and rhizosphere at 106 sites in South Wales. Sites 
were chosen from urban, rural and industrial areas to give a 
full representation of environmental B. cepacia in South 
Wales. For soil samples, 2-3 g soil were collected into a sterile 
universal container, 10 m! sterile water were added and the 
soil suspended by vortex mixing for 5 min. The sample 
was allowed to settle before 100^1 of the aqueous layer was 
removed and plated directly onto each of the selective media 
used. For the rhizosphere samples, plant roots were gently 
removed from soil and treated as for the soil samples. For 
water samples, around 10 ml water and sediment were col- 
lected from streams and rivers in an upstream direction, or 
from the edges of lakes and reservoirs. Samples were vortex 
mixed for 5 min. After mixing, 100^1 of the sample were 
plated directly onto each of the selective media. 

Each sample was plated onto a range of selective media: B. 
cepacia selective agar (Mast Diagnostics, Boode, UK); TB-T 
agar (Hagedoorn etaL 1987); TB-T agar supplemented with 
5 g ml -1 gentamicin; and a minimal agar medium containing 
20% onion homogenate and tetracycline at 20 g ml" 1 with 
and without the addition of gentamicin at 5g ml" 1 (Wigley 
1998). The samples were incubated at 30 °C for 48 h. Colonies 
found growing were Gram stained and all Gram-negative 
rods were sub-cultured onto fresh media prior to identi- 
fication, principally by the API 20 NE system (BioMeriuex, 
Marcy L'Etoile, France). Twenty-one isolates were identified 
as B. cepacia, a recovery rate of 20% from samples tested. 
The use of a range of selective media was found to increase 
the recovery rate of B. cepacia by around 70% compared 
with the use of the commercial B. cepacia medium alone, 
suggesting an underestimation of B. cepacia in the environ- 
ment in some previous studies (Fisher etaL 1993; Mortensen 
etaL 1995). 

Twenty-one isolates from the sputum of CF patients 
attending the Cardiff CF centre were kindly provided by Mr 
Alan Paul! of the Public Health Laboratory Service, Cardiff. 
A number of isolates from CF centres in Strasbourg and 
Scotland were kindly provided from the collection of Prof. 
J.R.W. Govan, University of Edinburgh. The species type 
strain NCPPB 2993 (ACTC 25416) was obtained from the 
National Collection of Plant Pathogenic Bacteria (Harpenden, 
Hertfordshire, UK). Stock isolates were maintained at 
— 70°C in nutrient broth with 20% glycerol as a cryo- 
protectant. 

In vitro maceration of onion tissue 

/// vitro maceration of onion tissue was investigated by a 
modified version of the method of Lelliott and Stead (1987). 
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Clean, sound, disease-free onions {Allium cepa) were wiped 
with 90% v/v alcohol before cutting aseptically into slices of 
approximately 5 mm in thickness. Onion slices were placed 
into sterile Petri dishes and nicks of approximately 2 mm 
made in the tissue surface. Overnight nutrient broth cultures 
(100 p\) of each B. cepacia isolate to be tested (approximately 
10 7 cfu ml" 1 ) were inoculated onto the surface of the onion 
tissue, with sterile saline and Pseudomonas aeruginosa isolates 
as controls. Onion slices were incubated at 30 °C for 48 h, 
after which onion maceration and discoloration were assessed 
with the aid of a sterile needle as a probe. 

Antibiotic susceptibility 

Antibiotic resistance profiles were determined by the modi- 
fied Kirby Bauer Disc Diffusion test using the WHO re- 
commended method (Vandepitte era!. 1991). The following 
discs used were selected on the basis of those recommended 
by Acar and Goldstein (1985) and the WHO (Vandepitte 
etai 1991) for Pseudomonas species: 25^g amoxicillin, 30 /<g 
ceftazidime, 15j/g erythromycin, 10 p% gentamicin, 5/<g 
novobiocin, 10 IU penicillin G, 25 jug sulphamethoxazole and 
30 p% tetracycline (Oxoid). Plates were incubated at 35 °C 
for 24-48 h. Escherichia coli NCTC 10418 was included as a 
control for interpretation of results with each batch of B. 
cepacia isolates tested. 

Minimum inhibitory concentration (MIC) was determined 
for piperacillin, ceftazidime, gentamicin and sulpha- 
methoxazole by an agar dilution method using doubling 
dilutions of antibiotics ranging from 512 /(g mP-l /ig ml" 1 . 
Overnight cultures of B. cepacia isolates (approximately 10' 
cfu ml" 1 ) were inoculated onto the surface of the plates using 
a Mast multipoint inoculator (Mast Diagnostics). Inoculated 
plates were incubated at 35 °C for 24-48 h. Minimal inhibi- 
tory concentration was taken as the lowest concentration that 
inhibited growth of the isolate. Escherichia coli NCTC 10418 
was included as a control. 



was broken by centrifuging at 13 000 £ for 4 min. A 75 p\ 
aliquot of the upper aqueous layer containing the plasmid 
DNA was removed gently with a wide bore pipette tip to a 
fresh microcentrifuge rube; 20 p\ of this sample was loaded 
into a 0 7% agarose gel in TBE buffer in a Gibco BRL 
Horizon 58 gel electrophoresis tank (Life Technologies) and 
run at 4 V cm" 1 for 90 min. The gel was stained in 0 5 g ml" 1 
ethidium bromide and destained under running water before 
photographing under u.v. transillumination. 

Plasmid sizes were estimated by comparison with mobility 
of plasmids of known sizes, after regression analysis of the 
plot of loglO molecular size (in kbp) against loglO mobility 
(distance travelled from origin in mm). The E. coli strains 
V517 (Macrina etai 1978) containing eight plasmids of 55 to 
2 kbp, and 39R (Threlfall et ai 1986) containing four plasmids 
of 1 5 1 to 7 kbp, were used as size markers. 

PCR ribotyping 

PCR ribotyping was conducted by the method of Rylcy etai 
(1995) using primers from a conserved spacer region between 
the 16 s and 23 s Gram-negative bacterial genes. PCR prod- 
ucts were analysed by agarose gel electrophoresis on a high 
resolution gel containing 'Infinity' agarose extender (Appli- 
gene Oncor, Durham, UK) to give a gel approximately equi- 
valent to 3% agarose. This method was previously used to 
type B. cepacia isolates from CF patients in Denmark (Ryley 
etai 1996), and gives more rapid results than with Taq\ 
digestion of PCR products followed by electrophoresis. Taq 
DNA polymerase (at 5000 units ml" 1 ) was supplied by Appli- 
gene Oncor. Primers were supplied by MWG Biotech (Mil- 
ton Keynes, UK). Primer 1 (CI): 5 -TTG TAC ACA CCG 
CCG GTC A-3' was supplied at 39-3 pmol ml" 1 . Primer 2 
(C2): 5-GCT ACC TTA GAT GTT TCA GTT C-3' was 
supplied at 54* 1 pmol ml" 1 . For each set of reactions, a 
control was set up using distilled water in place of template 
DNA. PCR markers (Sigma) were included in each gel. 



ED' 
wen 
19S< 
be s 

T 
enz> 
per 
Rad 
198! 

E 
field 
II a 
initi 
TBI 
220< 
cert' 
Gel: 
rum 
illui 

RE 

In i 

Th< 
foil* 
C 

] 



Th< 
Tat 



Isolation and sizing of plasmid DNA 

Isolation and size estimation of plasmid DNA was according 
to the methods of Rochelle etai (1985) based on Kado and 
Liu (1981). The methods were chosen for their accuracy in 
determining the sizes of small and large plasmids, with mini- 
mal shearing of large plasmids and without the need for 
restriction digests of the plasmid DNA. Overnight bacterial 
culture in nutrient broth (15 ml) was pelleted at 1 3 000 ^ for 
4 min, the supernatant fluid discarded and the pelleted cells 
mixed with lysing solution (0* 1 5 g Tris, 1 75 g sodium dodecyl 
sulphate, 425 //I sodium hydroxide 2 mol l" 1 , in 25 ml deion- 
ized water, pH 12 6) and incubated at 65 °C for 90 min. Phe- 
nol/chloroform (150 p\) (Sambrook etai 1989) was added 
and an emulsion formed by vigorous shaking. The emulsion 



Macrorestriction analysis Pla 

The macrorestriction analysis (genomic fingerprinting) 1 On* 
method used was developed from that of Grouthes etai CF 
(1988) for the analysis of Ps. aeruginosa. Burkholderia cepacia- (33 ( 
was harvested from overnight cultures on nutrient agar using Tat 
5 ml SE buffer (0*075 mol l" 1 NaCl, 0 025 mol 1"' EDTA). 
The cell suspension was drawn oflfwith a pipette and turbidity , ^ 
adjusted to MacFarland standard three (approximately equi- 
valent to 9 x 10" cells mr') with SE buffer; 500 pi of this All 
suspension was mixed with 500 p\ of 2% molten low gelling wer 
temperature agarose (Sigma Chemical Co.) maintained at my< 
40 °C, pipetted into disposable plug moulds (BioRad) and 21) 
allowed to set. Plugs were removed and twice treated for be 
24 h with lysis buffer (N-lauroyl sarcosinatc 1%, 0 5 mol T 1 ' gen 
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EDTA, 500 ml" ! proteinase K, pH95) at 56 °C. Plugs 
were then washed four times in TE buffer (Sambrook etai 
1989). The resulting agarose-embedded genomic DNA could 
be stored at 4°C for up to 2 weeks prior to use. 

The embedded DNA was digested with restriction 
enzymes Xba I and Not I (Promega) using 50 units of enzyme 
per plug in 200 /.d of the appropriate digestion buffer (Bio- 
Rad Laboratories 1992) for 14 h at 37 °C (Sambrook etai 
1989). 

Digested plugs were sealed in the wells of a 1% pulsed 
field agarose gel in 0 5 TBE buffer (Sigma) in a CHEF DR 
II apparatus (BioRad), and run for 21 h at 5 V cm"*' with 
initial pulse times of 5 s and final pulse times of 100 s in 0 5 
TBE buffer at a temperature of 8°C Size markers of 225- 
2200 kbp and/or 0- 1-200 kbp (Sigma), or Saccharomyces 
cerevisiae size markers (BioRad), were included on each gel. 
Gels were stained in ethidium bromide and destained in 
running water, then photographed under u.v. trans- 
illumination. 

RESULTS 

in vitro maceration of onion 

The degree of maceration of onion tissue was assessed as 
follows: 

0 No maceration, discoloration or odour. Typified by ster- 
ile saline control. 

1 No maceration, slight discoloration and 'sour' odour. 

2 Patches of maceration and discoloration, 'sour' odour. 

3 Maceration in majority of tissue. Yellow to yellow- 
brown discoloration. Strong l sour' odour. 

4 Severe maceration throughout tissue. Yellow-brown 
discoloration and very strong 'sour' odour. Tvpified by 
NCPPB 2993 (type strain and pathotype). 

The levels of pathology caused bv each isolate are shown in 
Table 1. 



Plasmid size and content 

One or more plasmids were detected in 16 out of 2 1 B. cepacia 
CF isolates (76%), and seven out of 21 environmental isolates 
(33%). Plasmids detected and their sizes are shown in 
Table 1. 



Antibiotic susceptibility 

All B. cepacia isolates from CF patients and the environment 
were found to be resistant to penicillin G, amoxicillin, erythro- 
mycin and novobiocin; 76% of environmental isolates (16 of 
21) and 90% of CF isolates (19 of 21) were also found to 
be resistant to tetracycline. Resistance levels to piperacillin, 
gentamicin, ceftazidime and sulphamethoxa2ole varied more 



between the environmental and CF isolates and are shown in 
Table 2. The MIC values for these antibiotics were generally 
higher amongst the CF isolates than amongst environmental 
isolates. 

PCR ribotyping 

Different patterns of PCR products were found for all 21 
environmental isolates, with between two and eight bands 
ranging in size from 700 to 2500 bp occurring. This indicated 
21 ribotypes that differed from all the CF isolates tested and 
also the species type strain (Fig. 1 illustrates the range of 
results). All the CF isolates from the Cardiff centre, with the 
exception of C93, gave an identical or near identical pattern 
with a band at around 800 bp and two other bands at around 
2000 and 2500 bp. The same pattern of products was found 
to occur with B. cepacia isolates from the Strasbourg (J543) 
and Dundee (CI 858) CF centres. The other isolates from 
these centres differed in pattern from the Cardiff CF isolates, 
all the environmental isolates and the type strain NCPPB 
2993 (ACTC 25416). 

Macrorestriction analysis 

Following digestion with Xba I, around 40 fragments of 
1-200 kbp were found by PFGE. Each of the 21 environ- 
mental B. cepacia isolates produced a unique restriction pat- 
tern that differed from all the patterns obtained with isolates 
from CF patients (Fig. 2). All Cardiff CF B. cepacia isolates, 
again with the exception of C93, produced patterns that were 
identical or near identical. The Strasbourg CF isolate J543 
and the Scottish CF isolate C1858 also produced this digest 
pattern. Digestion with Not I produced the same similarities 
and differences between isolates. 

DISCUSSION 

All environmental isolates tested in this study were found to 
differ genetically from each other, indicating that there is 
great genetic variability in the environmental population of 
B. cepacia in South Wales. High levels of variability have 
previously been described in environmental populations of B. 
cepacia (Wise et al. 1996). Sixty-five unique electrophero types 
(ETs) were found by multilocus enzyme electrophoresis in 
217 B. cepacia isolates collected from a 5 km stretch of stream 
over a period of 32 d. It is also notable that genetic differences 
were found in isolates obtained from sites close together. 
Examples of this are PW1, PW2 and PW6, isolated over a 
100 m stretch of stream, and PW5 and PW7, isolated from 
soil samples taken a few metres apart. The 12 environmental 
isolates from botanical gardens described by Butler etai. 
(1995) gave 1 1 different profiles by macrorestriction analysis, 
though it was notable that isolates from the same source 
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Table 1 Plasmid content and sizes and onion macerating properties of Burkholderia cepacia isolates of clinical and environmental origin 
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NCPPB 2993 


Rotten onion 
Species type strain 


224 
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CI 


CF patient, Cardiff 


134 
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C5 


CF patient, Cardiff 


134 


1 


L-r 


Cll 


CF patient, Cardiff 


134 


0 
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C23 


CF patient, Cardiff 


139, 24, 13 


1 


i 


C49 


CF patient, Cardiff 


21, 1-7 


0 




C51 


CF patient, Cardiff 


ND* 


0 




C59 


CF patient, Cardiff 


20 


0 




C79 


CF patient, Cardiff 


90 


1 




C81 


CF patient, Cardiff 


40 


0 




C93 


CF patient, Cardiff 


ND 


1 




C96 


CF patient, Cardiff 


109, 21, 1-7 


0 


I 


C116 


CF patient, Cardiff 


144, 29 3, 2 1, 1-7 


1 . 


! 


C187 


CF patient, Cardiff 


51,4-4, 4 0 


0 




C190 


CF patient, Cardiff 


ND* 


1 




C205 


CF patient, Cardiff 


ND* 


0 




J543 


Clinical, Strasbourg 


90 


1 




J473 


Clinical, Strasbourg 


152 


1 




A548 


CF patient, Edinburgh 


ND* 


2 




AS62 


CF patient, Edinburgh 


70, 4-5 


3 




C1858 


CF patient, Dundee 


ND* 


1 


cept 


CI 860 


CF patient, Aberdeen 


185, 34 


0 


lan< 


PWl 


Stream water 


ND* 


1 


and 


PW2 


Stream water 


132,51,31, 16, 9,8,3-6, 11 


3 


are 


PW3 


River water 


93 


0 


are 


PW4 


River water 


31 


1 




PW5 


Soil 


ND* 


0 




PW6 


Stream water 


31 


3 




PW7 


Soil 


132,51,45,11,7,6-2,3 6, 2-5 


0 




PW8 


Rotten onion 


ND* 


1 




PW9 


Soil 


>250 


0 




PW10 


Stream water 


16, 12, 7 1 


0 




PW11 


Soil 


ND* 


3 




PW12 


Reservoir water 


ND* 


0 




PW13 


Rhizosphere 


ND* 


1 




PW14 


River water 


ND* 


1 
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Rhizosphere 


ND* 


0 




PW16 


Stream water 


ND* 
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PW17 


Reservoir water 


ND* 


3 




PW18 


Rhizosphere 


ND* 


0 




PW19 


Rhizosphere 


ND* 


2 




PW20 


Stream water 


ND* 


0 




PW21 


Reservoir water 


ND* 


0 





* ND, none detected. 



differed in profile. This evidence strongly indicates high 
genetic variability amongst environmental populations of B. 
cepacia. More detailed genetic and phenotypic investigation, 



such as the use of fatty acid methyl ester analysis (FAME), 
would allow the genomovar status of the isolates obtained 
from the environment in this study to be determined. 
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Table 2 Antibiotic resistance profiles and MIC range of Burklwlderia cepacia isolates 



Ceftazidime Gentamicin Piperacillin Sulphamethoxazole 



Source of Resistant MIC range Resistant MIC range Resistant MIC range Resistant MIC range 

isolate isolates (°o) /*gml~ l isolates (°»>) /jgml" 1 isolates ( c ?o) ;<gml~ l isolates (%) //gml" 1 



Environment 14 1-32 29 1-256 0 1-4 70 4-256 

CF patients 50 4-32 HI 32->512 30 1-256 13 4->512 



Fig. 1 PCR ribotyping of Burklwlderia 
cepacia strains. Composite photograph, 
lanes numbered left to right. Lanes l 
and 20 are size markers; lanes 2-13 
are environmental isolates; lanes 14-19 
are CF isolates 






Fig. 2 Macrorestricrion analysis of Burkholderia cepacia strains. Composite photograph, lanes numbered left to right. Lanes 18 and 19 
are size markers; lanes 1-9 are CF isolates; lanes 10-17 are environmental isolates 
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No identity was found between the environmental B. cepa- 
cia isolates from South Wales and the B. cepacia isolates from 
patients attending the Cardiff CF centre, indicating that the 
environmental isolates differ genetically from those infecting 
CF patients. The environmental isolates were also found to 
differ from those obtained from other CF centres, from the 
species type strain NCPPB 2993 (ACTC 25416), and also 
from other environmental isolates obtained from the National 
Collection of Industrial and Marine Bacteria (NCIMB) and 
the National Collection of Plant Pathogenic Bacteria 
(NCPPB). The differences would suggest that environmental 
B. cepacia isolates may form a separate population to those 
infecting CF patients. 

With the techniques used in this study, identity between 
all but one of the Cardiff CF isolates was shown. These 
isolates can be further subdivided by Tag I digestion of the 
PCR products (Ryley etal 1995). Nevertheless, the identity 
shown in this study between these strains, and others from 
Scotland and Strasbourg, both by PCR ribotyping and macro- 
restriction analysis, would indicate that they are closely 
related if not identical. The presence of a common strain 
amongst these centres would indicate both a common initial 
source, and strong evidence of person-to-person transmission 
(Govan etal 1996). 

Phenotypic differences in antibiotic resistance and the 
ability to cause onion maceration both between CF and 
environmental isolates, and within the populations, were also 
observed (Tables 1 and 2). Levels of antibiotic resistance were 
generally higher amongst CF isolates, as found by Butler 
etal (1995). However, it is not clear whether such differences 
are fundamentally related to the biology of the strains them- 
selves, or are due to the development of acquired resistance 
amongst the CF isolates which will have received considerable 
exposure to such drugs. Maceration of onion tissue was more 
common and generally more severe by environmental isolates, 
but was not exclusively caused by these isolates. 

Plasmids were found in 55% of B. cepacia isolates, though 
they were more commonly found amongst the CF isolates 
(76% of isolates) than in environmental isolates (33% of 
isolates). Plasmids in excess of 100 kbp were harboured by 
both clinical and environmental isolates. Lennon and 
DeCicco (1991) suggested that large plasmids were associated 
with clinical isolates and high levels of antibiotic resistance 
but in this study, there was no evidence of large plasmids 
being more frequently harboured in CF isolates; indeed, 
many of the largest plasmids were found in environmental 
isolates. Strains which appeared identical by ribotyping and 
genomic fingerprinting were nevertheless found to differ in 
their plasmid content, e.g. the Cardiff CF isolates. The trans- 
fer, acquisition and assimilation of plasmid-borne genes is 
extensively documented, and the fact that closely related 
strains differ in their plasmid content could reflect differences 
in selective pressure, such as antibiotic treatment regimes, 



and differences in the transferable plasmid-bearing lung 
microflora of other species in CF patients. It is not known if 
the plasmids are sufficiently stable to be an aid in strain 
identification; the plasmids in our collection are as yet cryptic. 

Three main points emerge from this study. First, the 
environmental population is genetically very diverse. There is 
also considerable phenotypic diversity amongst these strains. 
Secondly, the clinical population of B. cepacia is genetically 
much more homogeneous and is distinct from the environ- 
mental population. The final point that can be made is that 
the variation both between and within environmental and 
clinical groups may be the result of B. cepacia being a complex 
formed by five genomic species, with the clinical population 
being predominantly formed by B. cepacia genomovar III, B. 
vietnamensis and B. multivorans, while many environmental 
isolates, particularly phytopathogenic isolates, fall into gen- 
omovar I (Govan etal 1996; Revets etal Vandamme 
etal 1997). However, it would appear that such a grouping 
is not rigid, with genomovar I being described in CF patients 
and other clinical sources and some strains predominantly 
found in CF patients also occurring in soil (Vandamme etal 
1997). Although this study suggests that environmentally 
occurring B. cepacia forms a separate population to that 
infecting CF patients, it is limited to only 21 environmental 
isolates and 21 clinical isolates. A more extensive study, par- 
ticularly including a wider range of less related CF isolates, 
would be needed to confirm the validity of these findings. 
The apparent acquisition of B. cepacia from the environment 
by CF patients (Cazzola etal 1996), the close genetic relation- 
ship between the species type strain and the ET12 CF epi- 
demic strain (Johnson etal 1994), the ability of some CF 
strains to cause onion maceration, and the overlap of genomic 
species between the environment and CF patients (Van- 
damme etal 1997), suggest that a greater understanding of 
relationships between clinical and environmental B. cepacia 
is needed. The occurrence of genomic species infecting CF 
patients in the environment and the ability of primarily 
environmental genomovars to infect man needs further inves- 
tigation. The use of molecular typing techniques such as 
PCR and PFGE, together with animal models such as the 
cftrmlHGU mouse which develops lung disease when chal- 
lenged with B. cepacia (Davidson etal 1995), may allow both 
a greater understanding of the relationship between clinical 
and environmental isolates of B. cepacia and their potential 
pathogenicity. Such information may answer the question of 
whether environmentally occurring B. cepacia pose a risk of 
infection to CF patients. 
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